THIS BOOK IS THE PROPERTY OF: 
STATE 


Book No. 
iba ty Enter information 
Seen in spaces 
SCHOOL DISTRICT ta the left as 
instructed 


OTHER 


CONDITION 
Yeor 
ISSUED TO Used ISSUED | RETURNED 


PUPILS to whom this textbook is issued must not write on any page 
or mark any part of it in any way, consumable textbooks excepted. 


l. Teachers should see thot the pupil's name is clearly written in ink in the spaces above in 
every book issued, 


2. The following terms should be used in recording the condition of the book: New; Good; Fair; 
Poor; Bod. 


Digitized by the Internet Archive 
in 2022 with funding from 
Kahle/Austin Foundation 


https://archive.org/details/modernplumbingOOO0Oblan_t3r3 


Modern 
Plumbing 


E. Keith Blankenbaker 
Associate Professor Emeritus 

Industrial Technology Education 

The Ohio State University, Columbus, Ohio 


Publisher 


The Goodheart-Willcox Company, Inc. 
Tinley Park, Illinois 
www.g-w.com 


Copyright © 2005 
by 
The Goodheart-Willcox Company, Inc. 
Previous editions copyright 1997, 1992, 1987, 1981, 1978 


All rights reserved. No part of this work may be reproduced, stored, or transmitted 
in any form or by any electronic or mechanical means, including information 
storage and retrieval systems, without the prior written permission of 
The Goodheart-Willcox Company, Inc. 


Manufactured in the United States of America 
Library of Congress Catalog Card Number 2003057025 
International Standard Book Number 1-59070-350-2 


1234567 8 9—05—09 08 07 06 05 04 


The Goodheart-Willcox Company, Inc. Brand Disclaimer: Brand names, 
company names, and illustrations for products and services included in this text 
are provided for educational purposes only and do not represent or imply 
endorsement or recommendation by the author or the publisher. 


The Goodheart-Willcox Company, Inc. Safety Notice: The reader is expressly 
advised to carefully read, understand, and apply all safety precautions and warn- 
ings described in this book or that might also be indicated in undertaking the 
activities and exercises described herein to minimize risk of personal injury or 
injury to others. Common sense and good judgment should also be exercised and 
applied to help avoid all potential hazards. The reader should always refer to the 
appropriate manufacturer's technical information, directions, and recommenda- 
tions; then proceed with care to follow specific equipment operating instructions. 
The reader should understand these notices and cautions are not exhaustive. 
The publisher makes no warranty or representation whatsoever, either 
expressed or implied, including but not limited to equipment, procedures, and 
applications described or referred to herein, their quality, performance, mer- 
chantability, or fitness for a particular purpose. The publisher assumes no 
responsibility for any changes, errors, or omissions in this book. The publisher 
specifically disclaims any liability whatsoever, including any direct, indirect, inci- 
dental, consequential, special, or exemplary damages resulting, in whole or in 
part, from the reader's use or reliance upon the information, instructions, proce- 
dures, warnings, cautions, applications, or other matter contained in this book. 
The publisher assumes no responsibility for the activities of the reader. 


Library of Congress Cataloging-in-Publication Data 


Blankenbaker, E. Keith. 
Modern plumbing / by E. Keith Blankenbaker. 
p. cm. 
Includes index. 
ISBN 1-59070-350-2 
1. Plumbing. I. Title. 


TH6122.B52 2004 
696.1—dc22 


2003057025 


Introduction 


Modern Plumbing provides basic information about the tools, materials, equipment, 
processes, and career opportunities in the plumbing field. The text is written in simple, 
nontechnical language and is heavily illustrated. 

The 2005 edition of Modern Plumbing includes the latest information on installation and 
repair techniques, as well as recent developments in materials, fixtures, and appliances. The 
textbook covers both hand and machine tools, and supplies the background knowledge 
needed for vocational competence. 

The new edition of Modern Plumbing has been reorganized to facilitate learning. The new 
edition is divided into 33 chapters that are grouped into five sections. Many chapters from the 
old edition have been updated and expanded for more thorough coverage of important topics. 
Additionally, the 2005 edition of the textbook includes new chapters on excavation, plumbing 
remodeling, and plumbing history. 

Hundreds of photographs, illustrations, and charts will make it easier for you to under- 
stand the many technical details involved in the plumbing trade. Color is used throughout the 
new edition of Modern Plumbing to represent different components and materials. A color key 
is used to help identify specific materials and components. 

Various type styles are used throughout this text to emphasize words, identify important 
terms, and highlight figure references. Italic type is used to emphasize words and terms. For 
example, the word not is often printed in italic type when it is imperative that an operation be 
avoided. Important terms appear in bold-italic type. These terms are defined when introduced 
and most are listed in the Technical Terms list at the beginning of the chapter, as well as the 
running glossary. Bold type is used for the figure references in the body of the text. This makes 
them easy to identify. 

A Workbook for Modern Plumbing is available to complement this textbook. The work- 
book contains additional review questions, as well as activities to help you develop the hands- 
on skills needed to succeed in the field. The chapters in the workbook are correlated to those in 
the textbook. 

Apprentices, vocational students, construction trade students, and anyone interested in 
plumbing will find Modern Plumbing a valuable aid in learning how plumbing systems are 
designed, installed, and maintained. Experienced plumbers who want to review basic 
plumbing techniques and/or study the recent developments in the plumbing field will also 
find this book helpful. 
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Objectives. Provide an overview of the 
chapter content and explain what should be 
understood upon completion of the chapter. 
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Technical Terms. List of important technical 
terms introduced in the chapter. The terms in this 
list appear in bold-italic type when they first 

appear in the chapter. 
Or abe Des eee ¥ Bus. 
History Briefs. Provide background informa- 
tion and help build an appreciation for the develop- 
ment of plumbing and the plumbing trade. This 


feature will help you gain greater perspective and 
understand the importance of plumbing to our 


Leveling 
Instruments 


different instrument must bgffsed to maintain 
accuracy. Optical leveJrfg instruments are 
designed for levelingver long distances. They 
operate on the prfficiple that a line of sight is 
always straight, it does not dip, sag, or curve. If 
the line gbSight is level, all points along the line 
are tbe’same height. Measurements can then be 
gade relative to the line of sight. 


Objectives Š 

This unit introduces the builder’s level and the 
laser level. Plumbers use these two precision 
instruments to transfer heights accurately over 
long distances, 


After studying this chapter, you will be able to: 
e Explain the operation of the builder's level 
and the laser level. 


© Use leveling instruments to find le 
properly slope drainage pipe. 


iS and 


by Benjamin Rittenhouse about 1785. The health and a À 

Technical Terms * level was owned by the chief surveyor of the -_ 
Builder’s level yepiece focus Potowmack Canal Company, George Gilpin, | "A a = -T _ 
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The builder's level, or surveyor’s level, 
mounts on a tripod and is used to check level 
and measure angles on the horizontal plane. It 
can be swung 360° to the left or right, but does 
not move from the horizontal position. 
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When a leveling job becomes too large for a 
level, straightedge, chalk line, or square, a 


Section 2. Plumbing Systems 


Builder's level: Also called surveyor's level, this tool 
mounts on a tripod and is used to check level and 
measure angles on the horizontal plane. 


The builder's level is very useful when 
installing sewer and septic tank lines. Since it 
can locate distant points that are level, it may 


Porcelain enamel is bonded to steel or cast 


79 


Running Glossary. Provides definitions of 
the important technical terms introduced on the 
page. It reinforces the terminology plumbers will 
en 
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Code Notes 
requirements. Where possible, these notes relate 
directly to the content of the chapter. Since plumb- 
ing codes may vary from one locale to another, 
Code Notes do not cite a particular code. Instead, 
they suggest the type of requirements that may be 


requirements in your area. 


iron fixtures by fusion at a temperature above 
800°F (427°C). Porcelain enamel is sometimes 
referred to as “glass lining” or vitreous enamel 
Alloy sheet steels for plumbing fixtures 
such as lavatories, sinks, and bathtubs are 
formed economically using a stamping pro- 
cess. Such fixtures are generally less expensive 
and less durable than those made of cast iron. 
Gray iron is ideally suited for plumbing 
fixtures. It is low in cost and can be cast in a 
wide variety of shapes. Plumbing fixtures such 
as bathtubs, sinks, and lavatories are 
frequently cast in gray iron. Porcelain enamels 
are fused to the gray iron to provide a glossy, 
decorative, protective, and sanitary coating 
Stainless steel is durable and has a good 
surface finish, These are two characteristics 
necessary in plumbing fixtures. Stainless steel 
à nickel-steel alloy that has a silver, satin-like 
finish. No additional coating is required to 
prodifse a sanitary, easily cleaned surface 
Unlike emeled surfaces, stainless steel does 
not chip. However, because of the difficulty in 
forming stainle steel, it is primarily used to 
make simpler fixtttys (such as kitchen sinks) 
Plastics are the Magt recent material to be 
used for plumbing fixtutyg. Versatile and rela- 
tively low cost, they can shaped to form 
nearly any fixture, One-pied\ construction, 
including fixtures and adjoining s for bath- 
tubs and showers, is possible using Myenglass- 
reinforced plastic. Acrylic plastic shee vith 
marbleized colors are also used in lavatoMys 
Plastic fixtures are attractive and superior t 
marble fixtures because the plastic does no 


be equipped with tollet facilities that include a 
water closet, lavatory, and bathtub or shower. 

in 1829, the Tremont Hotel in Boston was 
the first U.S. hotel to have indoor plumbing. 


Lavatories and Sinks 


Lavatories are designed to be installed in 
bathrooms and other locations for washing 


hands and faces. Sinks are designed for use 
during food preparation and dishwashing, The 
size and shape of lavatories differ from sinks 
because of the differences in their uses. 
However, the installation procedures required 
are similar. 

Lavatories and sinks fall into five basic 
categories: 
> One-piece molded type, Figure 13-1. 
Ledge type, Figure 13-2. 
Self-rimming type, Figure 13-3. 
Built-in with metal rim, Figure 13-4. 
Pedestal designs have a single supporting 
leg, Figure 13-5. 
Each is available in a variety of shapes and 
styles. For example, a ledge-type corner lava- 
tory, shown in Figure 13-6, may be desirable 
where space is limited. A bar sink generally has 


Figure 13-1. One-piece molded countertop sinks are 
available in a variety ot styles. (Kohler Co.) 


found in the locally applicable code. It is essential Seren cay) goon and Aaa eal ie alan | 
. Code Notes a) Sxtures ; 
that you refer to your local code to determine the a fetes, ‘ewe enamel: Matra at hod vl or 


ROOF (427°C). 

Stainless steel: Material that in durable and has a 
good surface finish that does not chip. Primarily used 
to make simpler fixtures (such as kitchen sinks) 
Plastics: Material that is versatile and can be shaped 
to form nearly any fixture 


Lavatory: A fixture designed for washing hands and 
faces. 


Sink: A fixture designed for use during food ama- 
tion and dishwashing. ii a 


Write your answers on a separate sheet of paper. 


Do not write in this book A. ball 
1. Name three basic types of lavatories. B. flush 
2. A lavatory or sink ___is used to support C. gate 
a ledge-type sink or lavatory D. float 
A. bracket 
B. hanger Suggestec o—f 
D. r l. Study c e from several plumbing i 


3. Bathtubs are made from __ 
A. enameled cast iron 
B. enameled steel 
C. fibergiass-reinforced plastic 
D. All of the above. 
4. Bathtubs are available in three standard 
lengths. These lengths are 
A. 4’, 4-6”, and 5 
B. 4-6", 5’, and 5’-6” 
C. 5,5-6”, and 6 
D. 5-6”, 6’, and 6-6” 
5. Hot water is always controlled by the 
faucet handle., 
6. Name the three basic types of toilets 


7. Urinals are generally fitted with 
valves. 


fixture manufacturers to learn about the: 

A. Variety of sinks and lavatories available 
and how the rough-in dimensions may 
vary. 

B. Variety of toilets available and how 
their rough-in dimensions may vary 

C. Different types of bathtubs and showers 
available and how each installation may 
differ. 

2. Invite a sales representative to discuss the 
merits of the different types of plumbing 
fixtures. 

3. Invite a plumbing maintenance contractor 
to discuss the quality of various types of 


avait ca naci 


3 Designed N 


ETE 
AN AD to help the reader gain competance in 
the trade. 


plumbing fixtures 


a pocket, where it is always handy. It is sometimes called a 


Figure 2-7. A combination square has a sliding head 
Ble and a scriber for marking metal. (The Ridge Tool Co.) 
| 
Í 


Tron square, Figure 2-7, is equipped with a 12” 
blade that can be moved through a head. This 
head can measure 90° and 45° angles. The 
framing square, Figure 2-8, has a 24” blade 
and a 16” tongue. 


Figure 2-8. A framing square is used for measuring, 
s ? F squaring, and marking cuts to be made on walls and 
g SNS Hit i i partitions. (Stanley Tools) 


Use care in handling a square. Dropping it | 
| or striking it against another object could | 
change the angie between the blade and the | 
| head or tongue. You should also protect it from 

{ eh so that the scales remain readable, 


Figure 2-6. The try square has a 6” metal blade an 
metal or wood stock, (Stanley Tools) 


copper, it is important to select a flux that is 
i compatible with the filler metal being used. For 
small jobs, powdered flux is often preferred 
because it will adhere to a heated brazing 
rod. Preheat the rod and stick it into the 
powdered flux. When the base metal is 
aluminum, brazing must take place at a lower 
temperature. 
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Professiona .. Provide supplemental 
information and hints related to the components or 
procedures discussed in the text. 
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Supplying Heat 


fd the appropriate 
regulator settings for 
g diameters are listed in 
example, to braze 4%" or i” 
rch tip is recommended. This tip 


oxygen pressure of 5 psi and an 


various pipe and f 
Figure 9-12. Fg 


Procedures. Present installation or repair 
techniques in an easy-to-follow, step-by-step 
format. Procedures help promote a logical 
approach to common plumbing tasks. 


When using a welding torch, always wear 
¥elding goggles and protective clothing. Shut 


ee 
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ty [ s. Identify procedures that can 
result in Lies injury or damage if the proper 
safety measures are not followed. 


Figure 9-11. An oxyacetylene torch unit can effi- 
ciently provide the higher temperature necessary for 
brazing. (Goss Inc.) 


| Brazing Procedure 


Gas pressure 

regulator settings Rod Pipe and 
Tip size size fitting dia. 
(No,) Oxygen Acetylene (inches) (inches) 


4 4 

5 5 5 

6 6 6 

7 7 7 y 

8 8 8 Ye 2-2 

9 19 9 My 33% | 
10 10 10 the |46 


Figure 9-12. This table of oxyacetylene torch tip sizes 
and regulator settings is suggested for brazing various 
size pipes and fittings. Pressures are not standardized 
for oxyacetylene units. 


t. Clean, flux, and assemble the joint(s) to be 
brazed. 

2. Assemble the correct tip on the torch. 

3. Make sure the regulator valves are closed. 
Open the tank valve. At this point, the pres- 
sure gauge on the oxygen tank may read as 
much as 2000 psi. The acetylene tank pres- 
sure gauge may read up to 250 psi. A regu- 
lator is shown in Figure 9-13. 

4. With the valves on the torch closed, adjust 
the regulator valve to the correct setting 
(refer to Figure 9-12). 

5. Open the acetylene torch valve % turn. Hold 
the torch away from you and away from any 
flammable material. Light the gas with a 
spark lighter. 


Figure 9-13. A regulator for controlling oxygen and 
acetylene pressure. (Goss Inc.) 


Color Key 


Color is used throughout Modern Plumbing to represent various components and materials. 
Color is also used to call attention to significant parts of an illustration. The following key shows 
what each color used in this text represents. 


Concrete 
Earth 

Cold water 
Hot water 
Wood 
Copper 
Cast iron 


Component of interest 
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Section 1 
Introduction to 
Plumbing 
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Safety 


Objectives 


This chapter discusses safety attitudes and the 
practice of safe working habits. 


After studying this chapter, you will be able to: 


e Develop a list of general safety rules relat- 
ing to clothing, ladders, electrical tools, and 
scaffolds, as well as lifting of heavy objects 
and working with flammable materials. 


e Explain why it is necessary to develop safe 
working habits. 


Safety is one aspect of plumbing that is 
often neglected. Hazards are easy to over- 
look—at least until tragedy occurs. Care- 
lessness, lack of knowledge, substance abuse, 
and defective tools and equipment all 
contribute to accidents on the job. 


Technical Terms 


Eye protection Lift platforms 
Filter lenses Fall restraint 
Safety shoes Lanyard 

Good housekeeping Fall arrest 
Ladders Full-body harness 
Halyard Anchor points 
Scaffolding Lifeline 
Guardrails Rope grab 
Toeboards Grounded tools 
Rolling scaffolds Double-insulated 
Scaffold planking tools 


Ground fault circuit Lead 
interrupters (GFCIs) Respirator 

Hazard Communica- Hearing protection 
tion Standard (HCS) devices 

Material safety data Bloodborne 
sheets (MSDS) pathogens 


Asbestos 


Accident Statistics 


According to the National Safety Council, 
approximately 1,800,000 work-related, disabling 
injuries occur each year in the U.S. These 
injuries translate to over 35,000,000 lost work- 
days annually, costing Worker’s Compensation 
over twenty-five billion dollars each year for 
medical care and wage compensation. 

These statistics clearly demonstrate that 
safety is important. However, there is a strong 
tendency to ignore problems until you or 
someone you know is seriously injured. 
Further, this data does not reveal the cumula- 
tive effect that small, unreported injuries can 
have on your body. For example, repeated 
minor back strain can lead to serious back 
problems. Similarly, repeated exposure to small 
quantities of toxic substances may have serious 
consequences in later life. The parts of the body 
often affected by work-related injuries are 
shown in Figure 1-1. 
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Fingers 
Legs 
i Arms 
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! Trunk 
Hands 
Eyes 
Head (except eyes) 
Feet 
Neck 
Toes 
Body systems ae 
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Figure 1-1. Approximately 1,800,000 work-related 
disabling injuries occur each year in the U.S. More 
than 1 in 5 are back injuries. 


Making a mistake regarding safety can also 
injure others and cause damage property. Fail- 
ure to properly secure a scaffold, leaving spilled 
liquid on the floor, and improperly storing 
solvent-soaked rags are but a few examples of 
unsafe practices that are not only dangerous to 
you but may also cause serious injury to others 
and result in damage to property. 

Your safety and the safety of other workers 
in the shop or on the construction site is 
directly related to the practice of safe work 
habits. In this chapter, general safety practices 
will be discussed. As you study other chapters, 
you will learn about specific safety practices 
that apply to certain tools and tasks. 

Safe work habits are the result of attitudes 
formed by the worker, Figure 1-2. You must 
know what is safe and what is not, and you 
must be constantly on the alert in order to 
anticipate unsafe conditions or practices before 
they cause an accident. Accidents do not just 
happen; they are the result of an unsafe act. 


Clothing 


You must dress appropriately to reduce the 
possibility of an accident or injury. The 


Which 
one 
are 
you 

? 


Figure 1-2. Safety begins with proper attitudes and 
habits. 


following suggestions will help you select 
your clothing and other personal protective 
equipment. 

Eye protection, such as safety glasses, 
goggles, Figure 1-3, or face shields approved 
by the American National Standards Institute 
(ANSI), is required when working in areas 
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Figure 1-3. A—Safety glasses may have side 
shields. B—Goggles can be worn over eyeglasses. 
(North Safety Products) 


Eye protection: Protective equipment, such as safety 
glasses, goggles, or face shields, that is required when 
working in areas where hazardous operations are 
being performed. 


where hazardous operations are being per- 
formed. The National Safety Council estimates 
that up to 90% of the eye injuries that occur 
annually in the United States could be 
prevented by wearing protective eyewear. 
Dust, plastic and metal chips, sparks, and 
liquids are all hazardous to the eyes. Sawing, 
drilling, chipping, spraying, soldering, install- 
ing explosive-activated fasteners, and using 
compressed air for cleaning are among the 
tasks that produce eye hazards. Wearing safety 
glasses or other eye protection devices greatly 
reduces the likelihood of these injuries. If 
you wear corrective lenses, they must meet 
the ANSI standard for safety glasses and 
should be fitted with side shields. You can also 
wear safety goggles that fit over your correc- 
tive lenses. 

When soldering, brazing, or welding, you 
should wear filter lenses of the proper shade 
number. The Occupational Safety and Health 
Administration (OSHA) recommends No. 2 
lenses for soldering and No. 3 or No. 4 lenses 
for brazing. Laser safety goggles, which are 
designed to protect from the specific wave- 
length of the laser being operated, are required 
by OSHA. 

Do not wear loose or torn clothing that can 
catch in revolving machinery parts. Avoid pant 
legs that drag on the floor or have cuffs. In 
addition to being a hazard when walking, cuffs 
may catch sparks that could ignite the pants. 
Check synthetic materials carefully. Some are 
highly flammable. Welding sparks or other 
high-temperature heat sources could set them 
on fire or cause them to melt and stick to your 
skin. Never wear rings or other jewelry that 
can catch on moving parts, causing injury. An 
ANSI-approved hard hat is required in areas 
where there is a potential danger of head 
injuries from impact, falling or flying objects, 
or electrical shock or burns. 


Filter lenses: Protective eyewear of specific shades to 
be used when soldering, brazing, or welding. 

Safety shoes: Protective footwear designed to protect 
your feet from falling objects and reduce the likeli- 
hood of a puncture wound as a result of stepping on 
sharp objects. 
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Gloves protect your hands when handling 
pipe, fittings, and fixtures. However, they should 
not be worn when operating power tools. They 
often interfere with the operation of the controls 
and tend to catch on revolving equipment. 

Safety shoes protect your feet from falling 
objects. They also reduce the likelihood of a 
puncture wound as a result of stepping on 
sharp objects. According to OSHA regulations, 
foot protection equipment should be worn 
when there is reasonable probability that injury 
can be prevented by such equipment. 

Hearing loss can result from brief exposure 
to very loud sounds and from extended expo- 
sure to sounds of less intensity. Plumbers 
seldom perform work that produces hazardous 
sound levels. However, they may work in an 
area where other workers are using equipment 
that could cause hearing damage. 


Lifting 

Lifting and carrying various materials 
incorrectly can cause serious injury. Your back 
is the part of your body that will most likely be 
affected. There is some evidence that the effects 
of improper lifting are cumulative. In other 
words, repeated minor strains may result in 
permanent damage. Since back injuries are 
very painful and require considerable time to 
heal, lifting and carrying objects safely is very 
important. When lifting, keep your back 
straight and use your leg muscles to raise the 
object. If the object is heavy or bulky, get help 
rather than risk undue strain or instability. 

Before lifting an object, make sure your 
route is clear and free of tripping or slipping 
hazards. Wet or oily spots can cause slips that 
result in falls and/or muscle strains. Fittings, 
tools, and scraps of pipe on the floor are also 
dangerous. 

Carrying long objects, such as pipe, can 
result in injury to people other than the person 
carrying the object. Make sure you will not 
put others at risk before lifting such an 
object. When carrying large pieces of pipe, use 
hand slings to make the job easier and safer, 
Figure 1-4. Avoid striking electrical devices 
with metal objects. 
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Job Site Organization 
and Cleanliness 


Good housekeeping means keeping the 
work area as clean and orderly as possible. This 
is everyone’s responsibility. A scrap of pipe, an 
extra fitting, or a forgotten tool can cause a bad 
fall. An additional benefit of good house- 
keeping is that materials and tools are more 
easily found. Therefore, the job is done more 
efficiently and with less frustration. The 
following suggestions should be helpful in 
establishing and maintaining safe job site 
organization: 


e Store pipe in racks or use blocking to pre- 
vent it from rolling. 

e Store fittings and other small parts so they 
do not cause falling or slipping hazards. 


Place tools and equipment, including 
extension cords, in locations that minimize 
falling or tripping hazards. 

Clear away rubbish and dispose of it regu- 
larly. If combustible wastes must be stored 
for any period of time, keep them in cov- 
ered metal receptacles. 

Use cleaning materials carefully. Oil-treated 
sawdust and other compounds used for 
cleaning are a fire hazard. Store oily mops 
and rags in closed metal containers. 


Immediately clean up water or oil spilled 
on the floor to prevent falls and reduce the 
possibility of electrical shocks. 

Make sure there is ample general lighting in 
the work area. In addition, use a flashlight 
or lantern to illuminate confined work 


areas. 


Figure 1-4. Slings make carrying heavy pipe sections easier and safer. 


Maintenance or repair work in an occupied 
building requires special attention to house- 
keeping. Clean clothing, particularly shoes, is a 
must. Protect the floor covering with drop 
cloths and be prepared to soak up spilled water 
with a sponge. This can improve customer 
satisfaction. Plastic trays or buckets to catch 
water are essential. Rags to wipe your hands, 
plumbing components, and tools will reduce 
the likelihood of damage to walls, floors, and 
furnishings. 


Ladders 


Ladders are the most commonly used 
climbing equipment. Most ladder-related 
injuries are caused by using the wrong ladder 
for the job or by misusing or abusing climbing 
equipment. Learning how to interpret the iden- 
tification label, which is placed on every manu- 
factured ladder, will help you select the proper 
ladder for the task at hand. 

The label generally contains information 
identifying the ladder’s type (Type IA, I, II, or 
Ill), grade (Industrial, Commercial, or House- 
hold), OSHA/ANSI Manufacturer’s certifica- 
tion, duty rating (the maximum recommended 
load), model number, size, and highest standing 
level (the maximum safe working height). 

You must consider a ladder’s style when 
weighing safety factors. Using the wrong style 
ladder could lead to a fall or injury. A step 
stool, stepladder, platform, or articulated 
ladder, Figure 1-5, is generally suggested for 
indoor work. An outdoor job may require a 
taller stepladder or an extension ladder, 
Figure 1-6. 

Size is the next safety consideration. Using 
a ladder that is too short or too long is a 
common mistake that leads to dangerous falls. 
Use the shortest ladder that can effectively do 


Good housekeeping: The act of keeping the work area 
as clean and orderly as possible. 

Ladders: The most commonly used climbing 
equipment. 
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Figure 1-5. Stepladders, such as this fiberglass 
ladder, are often used for indoor work. (Werner Co.) 


% 
Figure 1-6. Extension ladders are useful for climbing 
to higher elevations. (Werner Co.) 


22 Section 1 Introduction to Plumbing 


the job. For example, a 4’ ladder can generally 
be used to reach an 8’ ceiling. The highest 
standing level on a stepladder is two steps 
down from the top. The highest standing level 
for an extension ladder is the third rung from 
the top. 

The duty rating of the ladder is its 
maximum safe load capacity. A person’s 
weight plus any clothes, tools, and materials 
must not exceed the maximum safe load of 
a ladder. Ladder types are classified as follows: 


e Type I—Heavy-duty Industrial Grade. Design- 
ed for workloads up to 250 pounds. Type I 
extension ladders are available in two- 
section models made of wood, metal, or 
fiberglass-reinforced plastic up to 60’ in 
length. Three-section Type I metal exten- 
sion ladders may be as long as 72’. 


e Type IA—Extra Heavy Industrial or Pro- 
fessional Grade. Similar in design to Type I 
except that the working load limit is 
300 pounds. 

e Type [AA—Special Duty. Similar in design to 
Type 1A except that the workload limit is 
375 pounds. These ladders are made only 
from aluminum or fiberglass, and they may 
not be available in longer/taller sizes. 


e Type II—Commercial Grade. Have a work- 
load limit of 225 pounds and are intended 
for tasks such as painting, where little force 
other than the weight of the worker will be 
imposed on the ladder 


e Type Il—Household Grade. Intended prima- 
rily for use around the home and have a 
workload limit of 200 pounds. They are 
not to be used to support platforms or 
planks. 


Finally, the material a ladder is made from 
must be considered for both safety reasons and 
personal preferences. Common materials for 
ladders include wood, aluminum, and fiber- 
glass-reinforced plastic. Fiberglass has become 
a leading choice among professionals because 
it is electrically nonconductive, durable, non- 
corrosive, and relatively lightweight. 

Choose material based on the projected use 
of the ladder. Be sure to consider the advan- 
tages and disadvantages of each material. For 
example, fiberglass is a popular choice when 


working near electricity or where ladders must 
be used in many different circumstances 
because it is nonconductive and strong. 

An aluminum ladder is strong, corrosion 
resistant, and lightweight. However, alumi- 
num should never be used near electric wires 
because it will conduct electricity. Also, 
aluminum ladders can be seriously weakened 
when exposed to certain chemicals. However, 
they generally withstand harmful conditions 
better than wood. 

Wood, the traditional material for a ladder, 
is nonconductive if it is kept clean and dry. 
Disadvantages of wood include weathering 
that occurs when the ladder is not protected 
from the elements. Wood ladders are also quite 
heavy, weighing almost twice as much as 
comparable aluminum models. 


Setting up and Using 
Ladders 


Certain precautions must be observed 
when setting up and using a ladder. Check the 
ladder before use for broken or damaged parts. 
Look for hidden splits, as well as loose rivets, 
screws, and rungs. Repair damage or discard 
the ladder. 


ee 
Safety Note 


tricity. Do not use toni i a ' 


electrical wiring. Also, stay off ladders when 
you are in poor health or under medication. 
Always face the ladder when ascending or 
descending. 


Using a ladder near or in a passageway 
requires special protection. If possible, lock the 
door leading into the passageway. If this is not 
possible, place barricades or warning signs to 
prevent others from running into the ladder. 
Never lash two ladders together to increase 
their length. Also, do not place ladders on 
boxes, barrels, or other unstable bases to gain 
additional height. Never attempt to reach 


beyond an arm’s length to either side of the 
ladder. 

Make sure all four legs of a stepladder are 
resting on a solid base. Never stand on the top 
platform of a stepladder. Straight and exten- 
sion ladders require firm footing and should be 
placed at a 75° angle to the ground. Leveling 
devices that quickly attach to either leg of the 
ladder make adjusting to uneven surfaces 
quick and safe. See Figure 1-7. If the ladder is 
being used to reach an upper level, it should 
project a minimum of 3’-6” above the upper 
level, Figure 1-8. 

Extension ladders should be equipped 
with safety feet to help prevent slipping. See 
Figure 1-9. This is especially important on 
slick floors or after a rain when the ground is 
slippery. Never place a ladder on loose or 
muddy ground. If necessary, use blocking to 
provide solid footing. 

To raise an extension ladder, place its base 
against the foundation or have someone hold 
the base at the ground. Then, walk toward the 
base, lifting the ladder over your head by 
moving your hands along the side rails. To 


Figure 1-7. A ladder level makes it possible to quickly 
stabilize a ladder on uneven surfaces. (Werner Co.) 
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Figure 1-8. Correct ladder placement prevents the 
ladder from slipping or tilting backward as you climb. 


Figure 1-9. Cleats and special feet provide security 
against slipping. 


lower the ladder, move your hands along side 
rails as you walk away from the base. 

Be sure the top section of an extension 
ladder is locked securely. The metal dogs 
(catches) must rest securely on the rungs and 
the halyard must be snugly tied. The halyard is 


Halyard: The rope used to raise and lower the upper 
section of the ladder. 
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the rope used to raise and lower the upper 
section of the ladder. 

Make sure that an extension or straight 
ladder is secured at the top or bottom before 
climbing or working from it, Figure 1-10. If a 
straight or extension ladder cannot be secured, 
it must be held by a fellow worker while you 
are climbing, descending, or working from it. 

A number of accessories are available for 
ladders that make working from them easier, 
Figure 1-11, or reduce the possibility of 


Figure 1-10. A—Lashing a ladder at the top to pre- 
vent slipping is preferred. B—An alternative method 
may be used where lashing at the top is impossible. 
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Figure 1-11. This caddy fits the top of a stepladder and 
is a convenient means of holding tools. (Werner Co.) 


damage to walls or other surfaces the ladder 
must rest against, Figure 1-12. 


Scaffolding 


Scaffolding is available in a variety of 
styles, Figure 1-13. Regardless of the style of 
scaffolding selected, you should use essentially 


r 


Figure 1-12. Walls can be protected from damage by 
an extension ladder with stand-offs or pads attached 
at the top of the ladder. A—Stand-offs prevent the lad- 
der from contacting the wall. B—Pads protect the wall 
from the sharp edges of the ladder. (Werner Co.) 


Scaffolding: Platforms erected temporarily to support 
workers and materials while work is being done. 


Figure 1-13. Scaffolding is available in a variety of 
styles. (Werner Co.) 


the same installation procedures and safety 
precautions. 

Verify that your scaffolds and scaffold 
parts can support at least four times the maxi- 
mum intended load. Portable or freestanding 
scaffolding must not be higher than four times 
its smallest base dimension. Locking devices 
must be provided on wheels to keep them from 
moving when the scaffolding is in use. 
Maintain scaffolds in a safe condition. Discard 
or repair unsafe scaffolds. 

Place footing or anchoring for all scaf- 
folding so that it is capable of holding the 
intended loads without shifting or settling. Do 
not use barrels, loose bricks, blocks, or boxes to 
support scaffolds or planks. Plumb and rigidly 
brace scaffold uprights to prevent swaying or 
other movement. 


Guardrails: Rails used on all open sides and ends on 
platforms that are more than 10’ above the ground or 
floor. 


Toeboards: Rails placed on all sides of platforms to 
prevent objects from rolling off and hitting people 
below. 


Rolling scaffolds: Scaffolds made by adding casters to 
the legs of metal scaffolding. 
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The work surface must be fully planked so 
that flooring extends to all edges. Overlap 
planking or platform ends at least 12” or 
securely fasten them against movement. 
Extend planking over end supports not less 
than 6” but no more than 12”, and fasten it to 
prevent it from shifting or falling. 

Place guardrails and toeboards on all open 
sides and ends whenever platforms are more 
than 10’ above the ground or floor. Scaffolds 
that are 4-10 high and less than 45” wide 
must also have guardrails. The top rail must be 
42” above the work surface. A 4” toeboard must 
be placed on all sides. This prevents objects 
from rolling off the scaffold and hitting people 
below. An intermediate rail is also required 
approximately halfway between the top rail 
and the toeboard. 


Never place planks on top of guardrails to 


gain greater height. Also, do not move scaf- 
folding with workers or materials still on it. 


Rolling scaffolds are made by adding casters 
to the legs of metal scaffolding, Figure 1-14. In 
addition to the practices outlined in the 
previous section, the following safety rules 
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Figure 1-14. A rolling scaffold eliminates the need to 
disassemble and reassemble the unit in order to move 
it. (Werner Co.) 
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should be kept in mind when using rolling 
scaffolds: 


e Verify that casters or wheels have a locking 
device to hold the scaffold in position. 


e Verify that at least two of the four casters or 
wheels on rolling scaffolds are the swivel 
type. 

e Do not allow the height of the work plat- 
form to exceed three times its smallest base 
dimension. 


e Do not ride a rolling scaffold. 


e Do not extend the adjusting screws on 
rolling scaffolds more than 12”. 


e When moving the scaffold, watch for open- 
ings in the floor, overhead obstructions, and 
electrical conductors. 


e Secure all joint locking pins before moving 
any scaffold. 


e Move rolling scaffolds by pushing near the 
base. Do not pull or push the scaffold from 
the top. 


e Secure wheels with locking devices when 
workers are on the scaffold. 


Scaffold planking is critical to the safety of 
anyone working on a scaffold. Choose strong 
scaffold planking. To reduce the likelihood of 
tripping, make sure the planking is flat. Fill the 
entire area inside the scaffold railing with the 
planking. Secure all scaffold planking to 
prevent it from shifting out of position. By 
providing a solid “floor” for the scaffold, you 
will prevent accidents that occur from stepping 
into gaps or stepping off the edge of the 
planking. A little extra time spent placing and 
securing scaffold planking pays off in addi- 
tional safety and higher productivity while 
working. 

The platform a plumber stands on is either 
specifically designed for scaffold or it is made 
from 2” thick lumber. This lumber must be 
carefully selected and cared for so it does not 
fail under the weight of the worker, materials, 
and tools. A special grade of lumber is 
marketed as “scaffold planks.” When choosing 
planks, remember that lumber splits more 
easily along the grain. Therefore, parallel grain 
is stronger than grain that angles across the 
thickness of the plank, Figure 1-15. To prevent 


Edge grain that Steep angled 
is parallel to the edge grain 
surface of the scaffold indicates a 

is strong weak board 


Figure 1-15. Careful selection of scaffold lumber can 
prevent accidents. 


the scaffold planks from rocking and being 
misaligned, select lumber that is free from bow, 
twist, and other defects that would cause the 
platform to be unstable. 

Since the moisture content of the lumber 
affects its ability to remain straight, use only 
kiln-dried lumber in scaffolds. To prevent 
rapid changes in the moisture content of scaf- 
fold planks, keep them as dry as possible. 

OSHA regulations require that planking be 
of scaffold grade for the particular species of 
wood used. The maximum spans permitted 
for 2” x 10” or wider planking are shown in 
Figure 1-16. 

Laminated beams, which are made by gluing 
together many layers of veneer, Figure 1-17, are 
very useful as scaffold planks. The adhesive 


The maximum permissible span for 114” x 9” or wider 
plank of full thickness is four feet, with medium to 
of 50 PSF. 


Figure 1-16. OSHA requirements for scaffold plank- 
ing. (National Institute of Occupational Safety and 
Health) 


Scaffold planking: Boards that make up the solid 
“floor” of the scaffold. 


Many layers 
of veneer 


Figure 1-17. Laminated planks make good scaffold 
boards because of their uniform strength. 


used to bond the veneer is waterproof, and 
therefore, the beams do not come apart when 
exposed to varying weather conditions. Many 
layers of veneer are used in the manufacture of 
laminated beams. Therefore, defects are 
distributed randomly within the beam and the 
beam is uniformly strong. This is a distinct 
advantage compared to standard lumber 
because defects in lumber, such as knots and 
nonparallel grain, are concentrated, producing 
a weak spot. 

Lift platforms are increasingly popular 
with plumbers Figure 1-18. They work well on 
a firm, flat surface. These platforms are often 
self propelled so they can be rolled as the work 
progresses. 

When using a lift platform, it is essential to 
follow the manufacturer’s operating instruc- 
tions. The following suggestions for the safe 
operation of these devices are provided as a 
supplement to the manufacturer’s instructions: 
e Never exceed the manufacturer’s recom- 

mended load. 

e Perform daily maintenance checks as rec- 
ommended by the manufacturer. 

e Check the area around and above the 
equipment to see that all people and 
obstructions are clear of the lift. 


Lift platforms: Self-propelled platforms that can be 
easily moved as work progresses. 
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Figure 1-18. A lift platform is very helpful when 
installing pipe overhead in large spaces such as ware- 
houses or commercial buildings. (Mayville Engineering 
Co., Inc.) 


e Obtain proper training for equipment oper- 
ation and keep the operator’s manual on 
the lift. 


e Make sure the guardrails are in place. 


e Do not lean out over platform railings to 
perform work. 


e Do not use ladders or other devices on the 
platform to obtain greater height. 


e Remain clear of pinch points and shear 
points while the equipment is in use. Do 
not climb on extendible, articulating, or 
scissor arms. 


e Use outriggers in accordance with manu- 
facturer’s recommendations. Outriggers 
are arms that extend from the base of the 
equipment to provide additional stability. 


e Do not operate equipment near electrical 
power lines. 
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e Make sure ropes, electrical cords, hoses, 
and other objects do not become tangled in 
the mechanism when the platform is being 
raised or lowered. 


e Never override safety devices built into the 
equipment. 


Fall Protection 


In 1995, OSHA adopted new regulations 
regarding fall protection. These regulations 
apply to situations where you could fall 6’ or 
more from a floor, platform, roof, or other 
surface. They do not apply to working from 
ladders or scaffolds because these activities are 
covered by other regulations. 

Fall-protection regulations acknowledge 
differences between residential and heavy 
construction work. By preparing a site-specific 
fall-protection plan, a residential contractor 
may be able to meet the needs for fall protec- 
tion without the elaborate lifelines, harnesses, 
and safety nets required in heavy construction. 
The contractor must study the regulations and 
consult local OSHA enforcement officers to 
determine the actual requirements for a 
specific job. 

The new regulations provide two categories 
of protection—fall restraint and fall arrest. Fall 
restraint involves the use of guardrails or 
safety belts and lanyards short enough to 
prevent you from reaching the edge of the 
elevated surface. A lanyard is a short line, less 
than 10’, that is attached to an anchor point or 
an anchored lifeline. 

Fall arrest involves the use of devices 
designed to catch you if you were to fall. 
Fall-arrest devices must employ a full-body 
harness. Safety belts, which are permissible in 
fall-restraint situations, are not to be used for 
fall arrest because they can cause serious 
injury to your back if you fall. A safety harness 
prevents injury by distributing forces 
throughout your body. A full-body harness 
buckles around each leg, the waist, and both 
shoulders. See Figure 1-19. A lanyard 
attaches to a D-ring in the middle of the back. 


Figure 1-19. A full-body harness reduces injury by 
distributing the forces from stopping a fall throughout 
the body. (North Safety Products) 


Shock-absorbing lanyards, Figure 1-20, are 
preferred for fall-arrest applications because 
they reduce the shock to the body that results 
from stopping a fall and they reduce the load 
on the anchor point. 

Anchor points are mounting points for 
lanyards and lifelines. They must be capable of 
supporting a 5400-pound static load per 
worker. Since there are few points on a 


Fall restraint: Protection that involves the use of 
guardrails or safety belts and lanyards short enough 
to prevent people from reaching the edge of the 
elevated surface. 


Lanyard: A short line that is attached to an anchor 
point or an anchored lifeline. 


Fall arrest: Protection that involves devices designed 
to catch people if they fall. 


Full-body harness: A fall arrest device that buckles 
around each leg, the waist, and both shoulders, 
preventing injury by distributing forces throughout 
the body. 


Anchor points: Mounting points for lanyards and 
lifelines. 
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Figure 1-20. A shock-absorbing lanyard reduces the 
jerk that occurs when a fall is arrested. (North Safety 
Products) 


residential structure that will support such a 
load, most contractors use shock-absorbing 
lanyards. When shock-absorbing lanyards are 
used, an anchor point capable of supporting a 
3000-pound static load can be used. Anchor 
points are attached directly to the framing of 
the structure and may require making holes in 
the floor or roof so they can. be properly 
secured, Figure 1-21. The 5400- and 3000- 
pound static load requirement may seem 
excessive. However, once a person falls, the 
body accelerates rapidly and a great deal of 
strength is required to stop the fall. All hooks 
on lanyards and lifelines should be of the 


Lifeline: A line installed to provide support in case of 
a fall. 


Rope grab: Used to attach the lanyard to the lifeline, 
allowing movement along the lifeline at a controlled 
rate. 
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Figure 1-21. An anchor point is attached to a high 
point on the structure where it will withstand the forces 
of a fall. (North Safety Products) 


double closure type to reduce the possibility of 
becoming accidentally disconnected. 

A lifeline may be installed vertically or 
horizontally to provide support for you in a 
fall. A rope grab is used to attach the lanyard to 
the lifeline. The rope grab allows you to move 
along the lifeline at a controlled rate. Were you 
to fall, the lifeline and lanyard would hold you 
upright in midair until you were rescued. 
Lifelines are %” diameter rope to fit the rope 
grabs, Figure 1-22. Nylon or polyblend rope 
that has a wear-resistant coating with UV 
protection is preferred. Manila and hemp rope 
should be avoided for lifelines because they 
fray from the movement of the rope grabs. 


Fall Protection and 
Scaffolds 


OSHA scaffold standards state that anyone 
working 10’ or more off the ground must use 
fall protection, regardless of the scaffold type. 
In most cases, a full-body harness with a 
lanyard attached to a supporting structure is 
required. The supporting structure must not be 
the scaffold itself, and the support must be able 
to withstand 5000 pounds of force. 

Vertical lifelines are often desirable for 
working on scaffolding because they permit 
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Figure 1-22. A rope grab slides easily along a safety 
line when movement is slow. Any quick movement, 


however, causes it to grasp the safety line. (North 
Safety Products) 


movement up and down the scaffolding. The 
anchorage requirements for lifelines are the 
same as those for lanyards. In addition, care 
must be taken to ensure the lifeline does not 
contact sharp edges. 

Fall protection is also provided by 
guardrails, with a top rail capable of with- 
standing 200 pounds of side force. Toeboards 
are required to prevent tools, materials, or 
other objects from falling from the scaffold, 
causing injury to someone on the ground. 


Electrical Safety 


Plumbers use many electrical tools. Corded 
tools must be properly grounded or double 
insulated. Grounded tools are equipped with a 
three-prong plug, Figure 1-23. The third prong 
connects to a ground wire that is attached to 
the tool’s housing. If the tool develops a short 
circuit and the housing becomes “hot,” the 
electricity flows through the ground wire, 
through the prong, and back into the grounded 
electrical system. This protects the operator 
from harm, Figure 1-24. 


History Brief 

The Occupational Safety and Health Act 
(OSHA) of 1970 was adopted by the Federal 
Government to “assure safe and healthful 
working conditions for working men and 
women.” Implementation of OSHA is a joint 
responsibility of the U.S. Department of Labor 
and the U.S. Department of Health, Education, 
and Welfare. 

The Occupational Safety and Health 
Administration within the Department of Labor 
exists primarily for the development and 
enforcement of safety and health standards. 

The National Institute for Occupational 
Safety and Health (NIOSH) within the 
Department of Health, Education, and Welfare 
conducts research and provides educational 
services regarding occupational safety and 
health. 

The National Advisory Commission on | 
Occupational Safety and Health advises both | 
the Secretary of Labor and the Secretary of 

| Health, Education, and Welfare on all matters 
| related to occupational safety and health. 


Many portable electric tools are con- 
structed using a double-insulated design. 


Figure 1-23. Grounded plug has third terminal. For 
your own protection, do not cut off the ground. 


Grounded tools: Electric tools that are equipped with 
a three-prong plug. Grounded tools protect the oper- 
ator from harm in the event of a short circuit. 


\17/ Short in tool has 
caused housing 
to be “hot” 


120 volts, 
2 wires 7 


Safety ground 
attached to 
housing 


Grounded 
through 
electrical 
system 


Water or damp 
earth increases the 
likelihood of shock 


The easiest path for 
the electricity to follow 
is through the operator 


With the safety ground 
properly attached, the 
electricity from the 

shorted tool flows through 
the wire rather than 
through the operator 
Figure 1-24. Grounded tools provide safety for the 
operator. 


Double-insulated tools provide protection 
from internal shorts by using an additional 
layer of insulating material, usually in the form 
of a plastic tool housing. (These tools are 
equally acceptable under OSHA standards.) 
Additional protection can be obtained by 
using ground fault circuit interrupters (GFCIs), 
also called ground fault interrupters (GFIs). 
GFCIs break the circuit very quickly when a 
short or grounded condition occurs. Figure 1-25 
illustrates how a GFCI works. A small elec- 
tronic circuit in the device measures the 
amount of electrical current (amperes) flowing 
in the “hot” conductor (black wire) and 
compares this to the current flowing in the 
neutral conductor (white wire). If a difference 


mm 
Double-insulated tools: Tools that provide protection 
from internal shorts by using an additional layer of 
insulating material, usually in the form of a plastic 
tool housing. 

Ground fault circuit interrupters (GFCIs): Protective 
device that breaks the circuit very quickly when a 
short or grounded condition occurs. Also called 
ground fault interrupters (GFIs). 
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is detected, the GFCI interrupts the circuit. The 
only reason a difference will exist between the 
current flowing in the hot and neutral wires is 
that the tool has an internal short. 

The GFCI reduces the hazard by turning off 
the circuit very quickly. Therefore, the operator 
is much less likely to be seriously injured in the 
event of a short circuit. OSHA regulations 
require that on construction sites GFCIs be 
installed on all 120-volt, single-phase, 15- and 
20-amp receptacle outlets that are not a part of 
the permanent wiring of the building or struc- 
ture and that are in use by employees. If 
plumbers use any outlet that is part of the 
permanent wiring, plugging in an extension 
cord equipped with a GFCI and connecting 
tools to the extension cord will provide the 
needed protection. 

Extension cords, Figure 1-26, must contain 
three wires (hot, neutral, and ground) and be 
designed for hard or extra-hard use. Check 
cords frequently to ensure they have not been 
damaged. Repair cuts or signs of wear that 
expose bare wire immediately. Additionally, 
damaged receptacles or plugs require imme- 
diate attention. 


Hand Tool Safety 


Hand tool safety is largely a matter of 
common sense. However, a few precautions 
will be mentioned here to alert you to the types 
of hazards encountered when using hand tools. 

Sharp tools, such as knives, screwdrivers, 
and chisels, should be pushed away from you. 
Never push these tools toward your hand. A 
slip can cause a severe cut or puncture wound. 
Carry sharp tools in a tool pouch or toolbox so 
you and your co-workers are protected from 
sharp edges. 

Edge cutting tools, such as knives and 
chisels, must be sharp to work properly. A dull 
knife does not cut cleanly, and excessive force 
is required to push it along. Sometimes, this 
results in loss of control, which may result in 
cutting the material improperly or cutting 
your hand. Pass sharp tools to co-workers 
handle first. 
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4.0 amperes 
current 


120 volt 
60 Hz 
electrical 


supply 


(black wire) 


(white wire) 


3.5 amperes 
of current 


Safety ground 
(green wire) 


Metallic Tool Case 


“Hot” conductor 


Neutral conductor 


Without the 
GFCI the current 

could pass through 
the operator — 


Figure 1-25. If the current in the “hot” conductor exceeds the current in the neutral conductor, the GFCI breaks 


the circuit. 


Screwdrivers that are properly shaped and 
of the correct size are much less likely to slip out 
of the screw slot. This reduces the likelihood of 
damage to materials and reduces the chance of 
injury to the hand that is holding the screw. 

Mushroomed heads on chisels, punches, or 
other tools that are struck must be removed to 
prevent small pieces of metal from breaking off 
when the tool is struck. These small pieces of 
metal can be propelled at great speed by a 
hammer blow and can cause injuries to hands 
and eyes. 


Figure 1-26. Extension cords equipped with GFCls 
provide superior electrical shock protection. 
(Technology Research Corp.) 


Handles are essential on files to prevent 
puncture wounds to the hands. See Figure 1-27. 
Hammer handles should be checked for cracks 
and splits. The hammer head must be securely 
fastened to the handle. 


Power Tool Safety 


Safe work practices when using power 
tools cannot be overstressed. The tool manufac- 
turer’s instruction manual, including any 
warnings, should always be studied. Injuries 
can be avoided if the user is aware of proper 
operating techniques. Be conscious of the tool’s 
design and its limitations for use. Always work 
in adequate lighting. The use of any power tool 
calls for special precautions: 

e Use the correct tool for the job. 


e Know the proper uses, limitations, and the 
hazards of each power tool on the job. 


Sleeves 


Figure 1-27. File handles prevent puncture wounds 
to the palm of the hand. This type comes with sleeves 
to fit different size files. (Cooper Tools) 


e Remove drill chuck keys and all other 
adjusting devices before connecting the tool 
to a power source. 


e Never use tools with frayed cords or loose 
and broken switches. 


e Keep clothing and long hair away from 
revolving portable electric tools, such as 
drills. Make sure portable electric tools are 
turned off before plugging them into an 
electrical outlet. 


e Keep the area around stationary tools and 
equipment free of clutter. 


e Avoid using power tools in damp areas and 
near combustible materials. 


e Do not use portable electric tools in water 
or while standing on a metal ladder. 


e Never distract anyone who is using a 
power tool. 


e When using a drill, make sure clearance is 
available for the bit on the back of the mate- 
rial being drilled. 


e Keep tool guards in place and in good 
working order. 


Fire Hazards and 
Fire Extinguishers 


There are many potential fire hazards at 
a construction site. They include building 
materials, rubbish, fuels, solvents, and 
smoking. Good site management will ensure 
that stored building materials are a safe 
distance from fuels, solvents, and sources of 
high temperature. Rubbish should be placed 
in containers and removed from the site at 
frequent intervals. 

A plumber uses compressed gas cylinders, 
liquid fuel, adhesives, and solvents that are 
potential fire hazards. Rather than storing 
these materials on the job site, it is often 
preferred that only the quantities being used be 


Fire extinguisher: Device used to effectively put out 
small fires. 
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brought to the site. This eliminates the need for 
special storage facilities and security. 

Compressed gas cylinders must be pro- 
tected from damage. The valves are especially 
vulnerable. Tanks should be secured in the 
upright position. The tank valve must be 
closed and a protective cap installed when the 
cylinders are moved or transported. Regulators 
must be maintained in good working order. 
Additional suggestions are made later in this 
chapter to help you eliminate many of the poten- 
tial hazards of working with compressed gas. 

Fire extinguishers can effectively control 
small fires. Fires have been categorized into 
four classes. As shown in Figure 1-28, different 
classes of fires require different types of extin- 
guishers. Some extinguishers are effective on 
only one type of fire, while others may work 
effectively on as many as three classes of fires. 
No fire extinguisher is available that is both 
safe to use and effective on all classes of fires. 

The pictographs as shown in Figure 1-29 
have been designed to facilitate the user’s 
understanding of the appropriate use of each 
class of fire extinguisher. This method of 
marking fire extinguishers has not been fully 
implemented. Therefore, it is also necessary to 
be able to recognize the marking scheme 
shown in Figure 1-28. In addition to symbols 
that identify the type of fire extinguisher, ANSI 
standards require that instructions be printed 
on the extinguisher. 

OSHA standards require that at least one 
Class 2A fire extinguisher be at the construc- 
tion site for every 3000 square feet of floor 
space per floor level. The extinguisher is to be 
mounted in a clearly visible location and must 
not be more than 100’ from the farthest point of 
the area being protected. 

Class A and Class B extinguishers are also 
rated for their potential to extinguish a fire. The 
number preceding the letter A or B provides an 
indication of the size of the fire that can be 
extinguished with a particular extinguisher. 
These ratings are based on controlled labora- 
tory tests and may not apply directly to a 
particular fire situation. 

Class A extinguishers are rated on a scale 
from 1-40. 1A extinguishers can be held in 
one hand and weigh only a few pounds. 
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Class A Fires 

Ordinary combustibles 

(Materials such as wood, 

paper, textiles.) 

Requires... 
cooling-quenching 


Class B Fires 
Flammable liquids 
(Liquids such as grease, 
gasoline, oils, and 
paints.) 
Requires...blanketing or 
smothering 


Class C Fires 

Electrical equipment 
(Motors, switches, and so 
forth.) 

Requires... 

a nonconducting agent 


Class D Fires 
Combustible metals 
(Flammable metals such 
as magnesium and 
lithium.) 
Requires...blanketing or 
smothering 
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Fire Extinguishers and Fire Classifications 
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acid 
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A 
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A 
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A x 
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A pB 


Not for use on 
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a 


Not for use on 


Direct stream at base 
of flame. 


Direct stream at base 
of flame. 


Direct discharge as 
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edge of flames 
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forward and 
upward. 


Direct stream into the 
burning material or 
liquid. Allow foam to 
fall lightly on fire. 


Direct stream at base 
of flames. Use rapid 
left-to-right motion 
toward flames. 


Smother flames by 
scooping granular 
material from bucket 
onto burning metal. 


Fr Ane 


Figure 1-28. Fires are classified according to combustible materials involved and require different kinds of extin- 
guishers. Extinguishers suitable for more than one class of fire should be identified by multiple symbols placed in 
a horizontal sequence. (National Fire Protection Association) 
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Electrical Equip. 


Trash*WoodePaper Liquids*Grease 
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class “A” 
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N For all 
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types 


For 
class 
SAT B” 
types 


Figure 1-29. Pictographs indicate the type of fire an 
extinguisher will and will not extinguish. Black back- 
grounds and red slashes are typically used when this 
type of extinguisher is prohibited. (National Fire 
Protection Association) 


40A extinguishers are very large. Class B extin- 
guishers are rated on a scale from 1-640. Like 
Class A extinguishers, their size varies from a 
few pounds to units that require carts or other 
equipment to move. Since it is important on a 
construction site that the unit be highly 
portable, 2A to 40A and 10B to 120B are appro- 
priate ranges from which to select. 


Excavating and 
Trenching 


Excavating and trenching work performed 
by plumbers involves three major types of 


Hazard Communication Standard (HCS): Federal 
standard adopted to provide information to workers 
about the materials they are working with, the poten- 
tial hazards these materials present, and the appro- 
priate means of protection. 
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safety concerns: protecting existing under- 
ground utilities, protecting workers in trenches, 
and using pneumatic and hand tools safely. 
These topics are discussed in Chapter 10. 


Hazardous Materials 


Many materials used on a construction site 
are health hazards. Therefore, the federal 
Hazard Communication Standard (HCS) was 
adopted to provide information to workers 
about the materials they are working with, the 
potential hazards these materials present, and 
the appropriate means of protection. 

HCS is based on the principle that 
employees have both a need and a right to 
know the physical and health hazards of the 
chemicals they are exposed to in the work- 
place. Employers are required to make infor- 
mation available to employees about both 
physical hazards (such as flammability) and 
health hazards (such as skin irritation, lung 
damage, and liver damage). Employees are to 
receive training about the hazardous chemicals 
at the worksite and the precautions that must 
be taken when working with these chemicals. 

Producers of hazardous materials provide 
two types of information. They must label all 
containers of hazardous materials to identify 
the chemicals and provide appropriate warn- 
ings. The information on the label alerts you to 
the fact that the material is hazardous. This 
information does not provide specifics, nor 
does it provide information regarding safe 
procedures for using the material. No standard 
form for labels has been adopted. 

Figure 1-30 illustrates a type of label that is 
commonly used by the National Fire Protection 
Association (NFPA). The NFPA developed its 
leveling system before HCS was adopted. More 
recently, the National Paint and Coatings 
Association (NPCA) has developed a labeling 
format that uses the same colors as those used 
by NFPA, and it includes a pictograph to iden- 
tify the general type of protective equipment 
that your should use, Figure 1-31. 

For more detailed information, producers 
and suppliers are required to provide separate 
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Chemical Name 
Health Hazard 
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2—Hazardous 
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Flash points 
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O—Will not burn 


/_— Reactivity 

4—May detonate 

3—Shock and heat may 
detonate 

2—Violent chemical 
change 

1—Unstable if heated 

O—Stable 


Figure 1-30. A common label that is used by the National Fire Protection Association (NFPA) lists the hazardous 


chemicals and provides warnings. 
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Figure 1-31. Pictographs provide illustrations for the safe handling of hazardous materials on this label used by 


the National Paint and Coatings Association (NPCA). 


material safety data sheets for each product. 
The material safety data sheets (MSDS) 
provide detailed information on each chemical 
in the product, including its potential 
hazardous effects, its physical and chemical 


Material safety data sheets (MSDS): Detailed infor- 
mation on each chemical in a specific product, 
including its potential hazardous effects, its physical 
and chemical characteristics, and recommendations 
for appropriate protective measures. 


characteristics, and recommendations for 
appropriate protective measures. Material 
Safety Data Sheets for all of the hazardous 
material of the job site are to be maintained by 
the employer. Employees must have access to 
the MSDS. 

The MSDS shown in Figure 1-32 is typical. 
The format of the document will vary for 
different producers, but it must include infor- 
mation about potential hazardous effects, 
physical and chemical characteristics, and 
recommendations for appropriate protective 
measures. Studying the data sheet will enable 
you to identify the information that is most 
important to you. To locate the information you 


need, the following suggestions should be 
helpful: 


e Check the name of the product to make 
sure you are reading the correct MSDS. 
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The list of ingredients or the chemical com- 
position will help you identify the chemi- 
cals in the material that may be hazardous 
to your health. 


A threshold limit value (TLV) and/or a per- 
missible exposure limit (PEL) is given for 
each hazardous chemical, Figure 1-33. 
These values are computed either as a time 
weighted average (TWA) or a short term 
exposure limit (STEL). The TWA indicates 
the maximum average exposure for a typi- 
cal workday. The lower this value, the more 
hazardous the substance. If your exposure 
is below this level, you should be able to 
work with no ill effects. 


Since it is often difficult to have an accurate 
measure of air quality in the work area, 
carefully consider any material with a TLV- 
TWA below 200 ppm (parts per million). 


CPVC SOLVENT CEMENT 


SECTION 1 IDENTITY OF MATERIAL 
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Formula: 
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SLL BO), 
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CPVC Plastic Pipe Cement 
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3AT 


P.O. Box 35906 
http: //www.oatey.com 


Cleveland, 


For Emergency First Aid call 1-303-623-5716 COLLECT. For 
chemical transportation emergencies ONLY, call Chemtrec at 


Figure 1-32. This section of a material safety data sheet (MSDS) lists product information. 


SECTION 2 COMPOSITION 
INGREDIENTS: 558 
Cyclohexanone 10-15% 


Tetrahydrofuran 30-40% 


108794 
TO959959 


17893-3 
68648-82-8 


30-45% 
13-16% 


Methyl Ethyl Ketone 


CPVC Resin 
(Non-hazardous) 

Orange Colorant 
(Non-hazardous 

Amorphous Fumed Silica 1-3% 
(Non-hazardous) 


0-1% N/A 


CAS NUMBER: 


MZSS By = 5) 


Figure 1-33. Exposure limits for each hazardous chemical are shown in this section of the MSDS. It is unsafe to 


expose yourself to a chemical beyond the daily TWA limit. 
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The STEL indicates the maximum exposure normal precautions when handling and 
that should be allowed in any 15-minute storing flammable materials, you must 
period. Again, the lower this number, the remember to extinguish any open flame 
more dangerous the material. Also, even burner or pilot light in the area where these 
brief periods of exposure at high levels of materials are used. 
concentration must be offset by periods of Also, increased ventilation should be 
little or no exposure so the TWA will not be provided to reduce the possibility that the 
exceeded for a workday. vapor will become concentrated to the 
e Information about the material’s potential point that it will burn. 
fire and explosion hazard gives a good idea © Generally, one section of the MSDS will be 
of how flammable it is. Flash point is the devoted to health hazards and a separate 
temperature above which the material section will provide suggestions for protec- 
gives off sufficient vapor to form an tive measures to be followed when using the 
ignitable mixture. material, Figure 1-34. The recommendations 
In general, a flash point below 130°F for protective measures tend to be conserva- 
should alert you to a potential fire or explo- tive. For example, the only way to actually 
sion hazard. In addition to taking the know if the TKV (threshold limit value) for 
[en A a a OE AN n ame ne — _ ~~ y _—- ~ —- = 
SECTION 3 EMERGENCY OVERVIEW 


Orange liquid with an ether-like odor. Extremely flammable liquid and vapor. Vapors may 
cause flash fire. May cause eye and skin irritation. Inhalation of vapors or mist may 
cause respiratory irritation and central nervous system effects. Swallowing may cause 
irritation, nausea, vomiting, diarrhea and kidney or liver disorders. Aspiration 
hazard. May be fatal if swallowed. Symptoms may be delayed. 


NFPA Hazard Signal: Health: 2 Stability: 1 Flammability: 3 Special: None 

HMIS Hazard Signal: Health: 3 Stabiiity: 1 Flammability: 3 Special: None 
| OSHA Hazard Classification: Flammable, irritant, organ effects 

Canadian WHIMS Classification: Class B, Division 1; Class D, Division 2, 


| Subdivision B | 


| SECTION 9 EXPOSURE CONTROLS/PERSONAL PROTECTION | 

Ventilation: Open doors & windows. Provide ventilation capable of maintaing | 
| emissions at the point of use below recommended exposure limit If 
| used in enclosed area, use exhaust fans. Exhaust fans should be 
| explosion-proof or set up in a way that flammable concentration of 

solvent vapors are not exposed to electrical fixtures o ot s 
| Respiratory For operations where the exposure limit may be exceeded, a NIOSH 
| Protection: approved organic vapor respirator or supplied air respirator is | 
| recommended. Equipment selection depends on contaminani ype and | 
concentration, select in accordance with 29 CFR 1910.134 and good | 
industrial hygiene practice. For firefighting, use sel contained | 

| breathing apparatus. | 
| Skin Rubber gloves are suitable for normal use of the product. For long 
| ) Protection: exposures product chemical resistant gloves may be required such as 
| 4H(tm) or Silver Shield(tm) to avoid prolonged skin contact 
| Eye Safety glasses with sideshields or safety goggles. 
| PPROGeECE Von: 
| Other: Eye wash and safety shower should be available. 
| 
i 


Pas A 


Figure 1-34. Health hazards and protection information are listed in different sections of most Material Safety 
Data Sheets. 


solvents in the area has been exceeded is to 
take an air sample. Since this is often 
impractical for each job, wear a respirator 
simply as a precautionary measure. 
Certainly, you should wear a respirator 
when working with potentially hazardous 
materials if ventilation is limited. 


e You will also want to read the first aid pro- 
cedures so that you will know what to do in 
case of an accident. 


e An MSDS contains a lot of additional infor- 
mation that may be useful; however, 
obtaining only the information identified 
previously should enable you to work safely. 


Dangers of Working 
around Hazardous 
Products 


On the job, you may be required to perform 
tasks and use materials that have potential to 
be hazardous to your health. Some of these 
effects may be acute (immediate). For example, 
you may feel dizzy, or you may develop a skin 
rash as a result of using a solvent. Other effects 
may not be known until after many years of 
repeated exposure. By taking the appropriate 
precautions, these harmful effects can be 
avoided or at least minimized. 


Inhaling 


Applying cleaners, primers, and cement to 
plastic pipe can result in toxic solvents being 
inhaled (breathed in) as a vapor. These tasks 
and others can result in acute and/or chronic 
disease. An example of a chronic (long-term 
and progressively worsening) hazard is 
inhaling lead dust. 


Ingesting 


Ingesting (swallowing) paint, solvents, and 
dangerous particles may result from breathing 
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contaminated air, eating with dirty hands, and 
drinking from contaminated containers. In 
addition to irritating the throat, esophagus, 
and stomach, these substances can be trans- 
ferred to the bloodstream. Once in the blood- 
stream, they circulate throughout the body 
and may have detrimental effects on a number 
of organs. 


Absorbing 


Some solvents can be absorbed (enter the 
bloodstream) directly through the skin. Cuts, 
abrasions, or other breaks in the skin increase 
the rate of absorption. Solvents such as 
benzene are readily absorbed through the skin. 
Once below the skin, they enter the blood- 
stream and are circulated throughout the body. 
The chemicals accumulate in the kidneys and 
liver because these organs attempt to remove 
them. The results of excessive exposure may 
include brain and nerve damage and kidney or 
liver failure. 


Injecting 


Spray painting equipment, particularly an 
airless sprayer, is capable of injecting (forcing 
or blowing) paint through the skin. The result 
is an injury that is somewhat like a burn, since 
tissue in the immediate area of the injection is 
damaged. In addition, the paint is absorbed 
into the bloodstream and circulated though the 
body until it is removed by the liver or kidneys. 
The results can be the same as those experi- 
enced from absorption. 

Plumbers do not use airless spray equip- 
ment. However, you may be working in or pass 
through areas where this equipment is in 
use. Be careful to avoid getting in the path of 
the spray. 


Asbestos and Lead 


Operations such as chipping, scraping, 
sanding, and abrasive blasting produce very 
fine dust particles and chips. These particles 
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can be extremely dangerous if they contain 
materials such as asbestos and lead. 

Asbestos fibers that get into the lungs are 
very damaging because they cause a disease 
called asbestosis, lung cancer, or cancer of the 
esophagus, stomach, colon, and other organs. 
Because specialized techniques must be used to 
safely remove materials containing asbestos 
and the requirement for specially trained and 
certified workers, these procedures will not be 
discussed in this text. 

However, in older buildings, steam pipes 
may be covered with asbestos insulating mate- 
rial. If these coverings are damaged or need to 
be removed, specially certified workers should 
perform the task. Also, some older ceiling tile 
and floor tile may contain asbestos. Local 
Environmental Protection agency or Health 
Department officials should be able to assist in 
this determination. 

The effects of exposure to elevated levels of 
lead in adults are not immediate. However, 
they are very serious. Workers engaged in 
abrasive blasting, sanding, cutting, burning, or 
welding on steel structures coated with lead- 
containing paints have been known to suffer 
lead poisoning. Anyone working with lead 
paint must wear an appropriate respirator. 


Respirators 


The inhalation of hazardous materials is 
unhealthy. Many construction tasks call for the 
use of a respirator, a mask that fits over the 
mouth and nose to prevent such inhalation. 
Figure 1-35 gives examples of conditions that 
may require the use of a respirator. It is the 
responsibility of your employer to determine if 
the environment in which you will be working 
requires the use of a respirator. 

To accurately determine whether these 
limits are being exceeded requires air sampling 
and testing. These tests determine the amount 
and type of hazardous material in the environ- 
ment. If established limits are exceeded, you 
will be required to wear a respirator. It will be 
helpful to understand that the limits are based 


on time-weighted averages (TWA) and short- 
term exposure limits (STEL). 

Because of the nature of plumbing, there 
may be times when the exposure could 
approach the STEL, but because you will spend 
large portions of your time working in an envi- 
ronment that is well below the TWA, a respi- 
rator may not be required under OSHA regula- 
tion. In fact, good ventilation will generally 
reduce the problem to a level that does not 
require that respirators be worn. However, this 
does not mean that a respirator would not 
provide additional protection. You may wish to 
wear one when a potential hazard exists, even 
though the established safety limits have not 
been exceeded. 

Respiratory protection is required if you are 
going to work in an area that exceeds the limits. 
Before you begin working in an environment 
where a respirator is required, several things 
must be done: 


e You must pass a physical examination to 
confirm that you are physically able to per- 
form the work while wearing the respirator. 


e If you will be working in a toxic environ- 
ment, laboratory tests must be done to 
determine the current level of the materials 
in your body and to serve as a baseline for 
regular follow-up tests that measure the 
effectiveness of the respirator. 


e You must be properly fitted with the appro- 
priate respirator. 


e You must wear the respirator and maintain 
it so it will work as designed. 


You will find it desirable to wear a respi- 
rator when you perform any task that produces 


Asbestos: Material that causes disease called 
asbestosis, lung cancer, or cancer of the esophagus, 
stomach, colon, and other organs. 


Lead: Exposure to elevated levels of this material, 
which can occur when abrasive blasting, sanding, 
cutting, burning, or welding on steel structures coated 
with lead-containing paints, can cause lead poisoning. 


Respirator: A mask that fits over the mouth and nose 
to prevent the inhalation of hazardous materials. 
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Dusts 
Mists 


Spraying, power wash 


| Fumes Welding 


er 


Sanding, scraping, sweeping, abrasive blasting, dusting 


| Gases Leaking compressed gas cylinders 
Vapors =e Evaporating paint thinner, gasoline, organic solvents 


_ Dust/mist 
Dust/fume/mist 

Dust/fume/mist 

Gas/vapor 


| 
| 
Gas/vapor £3 


Note: When two or more of these conditions exist simultaneously, two or more filter materials may be required. 


Figure 1-35. Examples of conditions that may require the use of a negative pressure respirator. 


mist or vapor, even if the mask is not required 
by OSHA regulations. It provides an extra 
measure of protection and reduces nose and 
throat irritation. To be effective, a respirator 
must fit snugly to your face. Air that enters 
around the edge of the respirator will not be 
filtered, reducing your protection. 

The “paper-type” disposable respirator is 
the least likely to remain snugly fit to your 
face. Disposable respirators with two elastic 
headbands, a “clothlike” filter medium, and 
a plastic edge are generally better. Examples 
of disposable respirators are given in 
Figure 1-36. The disposable dust/mist respira- 
tors are the least effective. Some of them are 
not approved and should not be substituted 
for an approved respirator. Respirators are 
tested and approved by the National Institute 
for Occupational Safety and Health (NIOSH). 


Disposable Dust/ Mist 
Respirator 


NIOSH modified the standard for dispos- 
able dust/mist respirators and replacement 
filter elements for nonair-powered respirators 
in 1995. The purpose of the change was to 
reduce the amount of particles in the 0.5 micron 
to 5 micron size range that passes through the 
filter medium. Under the previous standard, 
respirators did an excellent job of removing 
particles that were either smaller or larger, but 
were less effective in this midrange. The new 
standard made the respirators effective for all 
particle sizes. 


Disposable dust/mist respirators manufac- 
tured under the current standard are labeled 
NIOSH followed by a letter and a number. 

The letters N, R, or P are used to indicate 
the level of oil resistance of the filter medium. 
N means the respirator can be used only if no 
oil is in the air being filtered. R indicates the 
respirator is resistant to oil. P means that the 
respirator is even more highly oil-resistant. For 
nearly all plumbing tasks, the N-rated respi- 
rator is acceptable. 

The number 95, 99, or 100 will follow the 
letter. These numbers indicate the percentage 
of particles in the 0.5 micron to 5 micron range 
that the respirator will remove. For example, a 
respirator labeled N 99 indicates that it can be 
used only where oil is not present in the air and 
it will remove 99% of the particles. A respirator 
labeled R 100 is effective when oil is present in 
the air, and it will remove 100% (actually 
99.97%) of the particles. 
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Figure 1-36. Respirators are available in many styles. 
(North Safety Products) 
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Replacement Cartridges 


Replacement cartridges intended for 
removal of dust particles must meet the same 
standards as the disposable units and are 
labeled using the same letter and number 
designation. Because cartridges may also be 
designed to remove additional contaminants, 
they may be labeled with an additional code 
to indicate these capabilities. Figure 1-37 
describes some of the more common types of 
filter elements. 

The removal for fumes, vapors, and gases 
requires different filter cartridges. Make sure 
the cartridge installed is appropriate for the 
contaminant; otherwise, the respirator will 
provide little, if any, protection, Figure 1-38. 
For example, cartridges containing activated 
charcoal will remove some organic vapors. 

As the level of contamination in the work 
environment increases, the sophistication of 
the respirator increases. The least sophisticated 
respirator, a half-mask, covers the nose and 
mouth and functions by filtering air as you 
inhale. This type of mask contains replaceable 
filter cartridges that are made to remove 
specific contaminants. 


Half-Mask Respirator 


The half-mask respirator works reasonably 
well as long as it is properly fitted and you 
replace the filter elements when they begin to 
become fouled. To test the fit of a half-mask 
respirator, position it on your face, secure the 
straps, and adjust the position and the straps 
until it appears that the facepiece seals to your 
face. If this is not possible, you will need to try 
another brand or type of respirator until you 


Dust/mist 


P 


Organic vapor and dust mist 


Organic vapor 


Paint spray 


Figure 1-37. Respirator filter elements are coded for easy reference 


A | B 
Figure 1-38. Since replaceable filter cartridges are 
designed to remove specific contaminants, choose the 
correct element and replace it at the prescribed time. 
A—These cartridges are replacements for paint/ 
pesticides. B—Some cartridges are designed for 
asbestos/lead respirators. (North Safety Products) 


find one that will fit your face. Half- and full- 
face masks. will not seal if the wearer has a 
beard. 

Once the fit appears to be correct, it must be 
tested. Two types of tests are available. The 
more common test is done with a tube of 
aromatic oil (generally banana oil), Figure 1-39. 
With the mask securely in place, the tube of 
aromatic oil is broken open and moved around 
the mask. Since the filter elements are able to 
remove the oil vapor, if you are able to smell 
the oil, the mask does not fit properly. You 
must continue to adjust the mask or try 
different masks until you find one that does not 
leak air around the facepiece. Once the mask is 
fitted, you should be the only person who 
wears it. You should test the fit each time you 
put the mask on to ensure it seals properly. 
When cartridges become dirty, they must be 
replaced. Do not attempt to clean the filter 
cartridges. Washing does not work. Air pres- 
sure will disturb or damage the filter material 
and create holes through the filter medium. 
The result is a useless filter cartridge. 
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Figure 1-39. Vials of banana oil are used to test the fit 
of a respirator. (Siebe North, Inc.) 
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Full-Face Respirator 


Full-face respirators provide eye protection 
and are less likely to leak at the joint between 
the filter and face. Situations that involve 
chemicals readily absorbed through the skin or 
causing damage to the eyes require that a full- 
face respirator be used. Full-face respirators are 
available in negative pressure, powered air, 
and supplied air designs. The negative pressure 
design is much like the half-mask in that it 
depends upon the breathing of the wearer to 
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draw air through the filter cartridges. This style 
of respirator must be fitted and tested in the 
same way as the half-mask respirator. See 
Figure 1-40. 


Powered Air-Purifying 
Respirator 


The powered air-purifying respirator 
includes a filter and a small blower that is worn 
on a belt. The filter unit is connected to the face 
piece by hose. With the powered air-purifying 
respirator, filtered air is supplied under slight 
pressure to the inside of the mask. This has two 
distinct advantages: 


e The effort required to breathe is reduced. 


e The positive air pressure inside the mask 
means that any leak is likely to be filtered 
air escaping from inside the mask rather 
than contaminated air entering the mask. 


The major disadvantage of this design is the 
additional hose and the filter pack that must be 
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Figure 1-40. In addition to supplied air types, full-face respirator designs include: A—Negative pressure. 


B—Powered air. (Hornell Speedglas, Inc.) 
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worn. While powered air-purifying respirators 
are equipped with a cartridge on the face piece, 
this cartridge provides you only with sufficient 
protection to escape from the contaminated 
environment if the power unit should fail to 
operate. 


Supplied-Air Respirator 


When the work environment is highly 
contaminated, a supplied-air system may be 
necessary. A  supplied-air respirator is 
connected by a hose to a compressor or other 
source of air. The major advantage of the 
supplied-air respirator is that it does not 
depend on being able to filter the contaminated 
air within the work environment. By locating 
the intake of the air compressor where the air is 
uncontaminated, the need for filtering is 
greatly reduced. 

These systems also supply air at low pres- 
sure to the inside of the face piece, reducing the 
breathing effort and reducing the likelihood 
that small leaks around the mask will result in 
dangerous exposure. The greatest disadvan- 
tage to these systems is the hose, which must 
run from the connection at the belt to the 
compressor. It can become difficult to work 
while wearing this equipment, particularly if it 
is necessary for you to move around a great 
deal. 

Supplied-air respirators also have a 
cartridge filter built into the facepiece to 
provide protection should the air supply be 
interrupted. These cartridges are intended to 
provide only enough protection to permit you 
to exit from the contaminated environment. It 
may be necessary to replace the emergency 
cartridge once it has been used. 


Inspection and Care of 
Respirators 


Respirators should be inspected for 
damage or wear before and after each use. 
Check the head straps for loss of elasticity, 
cracks, tears, or loose buckles. The facepiece or 
mask should be free of cracks, holes, dirt, or 


distortion. Look at the input and output valves 
for missing or worn valve covers, cracks, or 
dirt. Check for missing or worn gaskets. Air 
supplying respirators should be checked for 
damage to air hoses or loose air hose connec- 
tions. Air tanks should be full and the regulator 
properly working. Air-purifying respirators 
should have worn filter threads checked. 
Cartridges and filters should be checked for an 
expiration date or replaced whenever 
breathing becomes difficult. 

Respirators must be cleaned regularly to 
prevent them from irritating your face. Treated 
paper pads are available to wipe the inside of 
the respirator and the area that contacts your 
skin. This will reduce the likelihood of irrita- 
tion caused by and accumulation of dirt on the 
facepiece. Periodically, the-respirator should be 
disassembled and thoroughly washed. To 
reduce the need for washing, store the respi- 
rator in a clean, closed container. 

Replacement of cartridges is necessary 
whenever breathing becomes difficult. Do not 
attempt to clean cartridges. Washing, vacu- 
uming, and using compressed air will damage 
the filter medium, making cartridges ineffec- 
tive. Keep the container out of direct sunlight 
and away from other heat sources. Be sure the 
respirator is not bent or crushed because this 
may permanently deform the facepiece. 


Sound Hazards 


Hearing loss can result from brief exposure 
to very loud sounds and from extended expo- 
sure to sounds of less intensity. Figure 1-41 
gives the OSHA-approved sound-exposure 
limits. Plumbers seldom do work that results in 
hazardous sound levels. However, some tasks, 
such as using concrete drilling equipment, may 
produce sound levels that require the plumber 
to wear ear protection. Also, plumbers may be 
working in an area where other people are 
using equipment that could cause hearing 
damage. Explosive-activated fastening is an 
example of a process that could be hazardous 
to anyone in the area. 

When you are exposed to sound levels 
above the established limits, you must wear 
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Permissible Noise Exposure 


Sound Maximum Indicators of level (speaking 
level exposure per effort required between two 
Noise sources dBA day dBA persons at various distances) 


Pneumatic chipper (at 5 ft.) 115 


Rock-n-roll band 
n-roll ban 110 


105 


Newspaper printing press 


100 


95 


90 


85 


Garbage disposal (at 3 ft.) 80 


‘| 
4 
Inside a car (50 mph) 5 - 


1 hour 


1.5 hours 


8 hours 


15 min. — Nearly impossible to 


communicate by voice 


30 min. = Very difficult to 


communicate by voice 


— Shout with hands 
cupped between mouth 
and other person's ear 


2 hours = Shout at 0.5 foot 
3 hours 


4 hours | — Shout at 1 foot 


6 hours 


Raised voice at 1 foot 
Shout at 2 feet 

— Telephone use impossible 
Normal voice at 1 foot 
Raised voice at 2 feet 
Shout at 4 feet 


Z Normal voice at 0.5 foot 


Normal voice at 1.5 feet 
Raised voice at 3 feet 
Shout at 6 feet 


Normal voice at 2 feet 
Raised voice at 4 feet 
Shout at 8 feet 


Figure 1-41. OSHA regulations limit noise exposure to the levels shown in this table. 


approved hearing protection devices. Devices 
approved by the Environmental Protection 
Agency (EPA) or by the National Institute for 
Occupational Safety and Health (NIOSH) are 
available for specific sound hazards. Figure 1-42 
illustrates different styles of hearing protection. 
Select protective gear that will screen out 
hazardous sounds but, if possible, still allow 
you to hear other workers talking to you. This 
not only makes it more likely that you will 
continually wear the hearing protection, but it 
also allows you to hear warnings. 


Hearing protection devices: Protective gear that 
prevents hearing loss, which can result from brief 
exposure to very loud sounds and from extended 
exposure to sounds of less intensity. 
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Figure 1-42. Earplugs or earmuffs provide ear pro- 
tection. (Recal Health & Safety, Inc.) 
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If the work environment requires that you 
wear hearing protection, OSHA mandates that 
your hearing capability be tested and docu- 
mented before you are exposed to the poten- 
tially harmful environment. Annual follow-up 
audiometric (hearing) tests are then required to 
monitor your hearing and recommendations 
for changes in hearing protection should be 
made as needed. 


Heat Exposure 


Working when the temperature is high 
increases fatigue, contributes to dehydration, 
and can cause dizziness, heat exhaustion, 
or heatstroke. An index has been developed 
to estimate the amount of work that can be 
safely performed in a high-temperature envi- 
ronment. This index is based on a wet-bulb 
globe thermometer (WBGT) reading. The 
WBGT measures the combined effects of 
temperature, humidity, and radiant heat. The 
readings on a WBGT will generally be below 
the readings on a standard thermometer 
because evaporation reduces the reading on 
the wet-bulb thermometer. Figure 1-43 pro- 
vides guidelines for heat exposure based on the 
WBGT readings. 

If the humidity is low and you are working 
in the shade, the reading on a standard ther- 
mometer could be considerably higher than the 


Continuous work 
75% work/25% rest each hour 
50% work/50% rest each hour 


25% work/75% rest each hour 


readings shown in Figure 1-43. If, however, the 
humidity is very high and you are directly 
exposed to the sun, the WBGT reading might 
exceed the reading of a standard thermometer. 
Taking breaks in an area with more favorable 
conditions will relieve the effects of excessive 
heat exposure. 

Plumbers seldom find it necessary to work 
in conditions that exceed the index levels. 
However, tasks such as installing drain, waste, 
and vent piping before the pouring of a 
concrete floor could result in exposure that 
exceeds the limits. Your physical condition, the 
amount of fluids you drink, and the amount of 
air circulation will all effect the impact of heat 
exposure. However, you can protect yourself 
by being aware of potential problems and 
taking precautions. 


Working in Confined 
Spaces 


On occasion, plumbers may be required to 
work in confined spaces. OSHA describes 
confined spaces as an area that has any of the 
following characteristics: 


e Limited openings for entry and exit. This 
includes any area with a small door, such as 
the inside of a utility tunnel. It also includes 
areas you have to enter and exit from the 


Figure 1-43. The numbers in the chart represent the wet-bulb globe thermometer (WBGT) index. The correspon- 
ding amount of work and rest that is recommended is indicated in the column at the right. (Ohio Division of Safety 


and Hygiene) 


top using a ladder or lift. This would 
include some basements. 


e Unfavorable natural ventilation. Small 
and/or windowless rooms are an example. 


e Not designed for continuous worker occu- 
pancy. This would include confined spaces 
around industrial equipment or mechanical 
systems that are primarily intended for 
inspection, maintenance, repair, clean-up, 
and similar tasks. 

Many times, confined spaces involve a 
combination of two or more of these character- 
istics. These conditions increase the likelihood 
that an oxygen-deficient, flammable, or toxic 
atmosphere will occur. 

Figure 1-44 shows what happens to your 
body as the concentration of oxygen in the 
surrounding air declines. The oxygen level can 
decrease for two reasons. First, your work in 
the area may consume oxygen. For example, 
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soldering and certain chemical reactions 
consume oxygen. Second, oxygen may be 
replaced by another gas. Some gases are 
heavier than air. These gases settle to the 
bottom of an enclosed space and create a 
deadly situation for anyone who enters 
without a properly fitted self-contained 
breathing apparatus. 

Flammable atmospheres are created in 
confined spaces when flammable gas, vapor, or 
dust is mixed with air in the proper proportion. 
A spark from an electric tool or light switch, a 
cigarette, or a flame is all that is needed to set 
off an explosion. 

A toxic atmosphere can be created as a 
result of the work being performed. For 
example, carbon monoxide can be generated 
when brazing or soldering. 

Working safely in a confined space requires 
forced ventilation at minimum. If there is any 
reason to believe that the space may contain an 


Oxygen-Deficient Atmospheres 


An oxygen deficient atmosphere 
has less than 19.5% available 
oxygen (O,). Any atmosphere 
with less than 19.5% oxygen 
should not be entered without an 
approved self-contained 
breathing apparatus (SCBA). 


The oxygen level in a confined 
space can decrease because of 
work being done, such as 
welding, cutting, or brazing; or, it 
can be decreased by certain 
chemical reactions (rusting) or 
through bacterial action 
(fermentation). 


The oxygen level is also 
decreased if oxygen is displaced 
by another gas, such as carbon 
dioxide or nitrogen. Total 
displacement of oxygen by 
another gas will result in 
unconsciousness, followed by 
death. 


O, Enriched 


21% 
19.5% 


Minimum for 
safe entry 


Impaired judgment 
& breathing 


Faulty judgment 
Rapid fatigue 


Difficult breathing 
Death in minutes 


Oxygen Scale 


Figure 1-44. You should not enter an area where the oxygen level is below 19.5%. (National Institute for 


Occupational Safety and Health) 


48 Section 1 Introduction to Plumbing 


oxygen-deficient or flammable atmosphere, the 
air should be tested before anyone enters. 

The following example suggests that you 
need to know what other workers are using, as 
well as which materials you are using. A 
cylinder of propane gas is left in the basement 
of a building. The valve leaks during the night 
and when a worker enters the building the next 
day and turns on the lights the gas explodes, 
seriously injuring the worker and destroying 
the building. 


Bloodborne 
Pathogens 


Diseases that can be transmitted on the job 
through blood or body fluids include the two 
most common bloodborne pathogens, hepatitis 


B virus (HBV) and human immunodeficiency . 


virus (HIV). It is extremely important to exer- 
cise caution on the job whenever someone is 


injured at work and you come into contact with 

blood or other body fluids. The following 

summary suggests ways to help an injured 

coworker while taking the necessary time to 

protect yourself first: 

e Avoid contact with blood or body fluids. 
Remember this includes contact with the 
eyes, nose, mouth, or skin. 


e Wear high-quality gloves, and safety glasses. 
If needed, put on an apron or mask. 


e If you do come into contact with blood or 
body fluids, wash it off immediately with a 
nonabrasive soap. 


e Be sure to follow OSHA procedures for the 
proper cleanup and disposal of waste 
material. 


Bloodborne pathogens: Diseases that can be trans- 
mitted through blood or body fluids, including hepa- 
titis B virus (HBV) and human immunodeficiency 
virus (HIV). j 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


ile 


According to National Safety Council sta- 
tistics, approximately disabling, 
work-related injuries occur in the United 
States each year. 

A. 5000 

B. 75,000 

C. 150,000 

D. 1,800,000 


. List three examples of unsafe work 


practices. 


. ANSI stands for 


A. American National Sanitation Institute 
B. American National Safety Institute 

C. American National Standards Institute 
D. Annual National Safety Initiative 


. List three plumbing tasks that require eye 


protection. 


. An approved safety helmet is required in 


areas where there is a potential danger of 
head injuries from 

A. impact 

B. electrical shock or burns 

C. failing or flying objects 

D. All the above. 


. What can a plumber do to reduce the likeli- 


hood of injuries when lifting or carrying 
objects? 


. The working load limit of a Type IA ladder 


is including the person, material, and 
tools being supported. 

A. 200 pounds 

B. 225 pounds 

C. 250 pounds 

D. 300 pounds 


. Straight ladders should be set up so the dis- 


tance from the base to the top support is 
approximately times as great as the 
horizontal distance from the ladder base to 
the support. 

A. four 

B. three 

C. six 

D. eight 


. Describe five practices that promote the 


safe use of scaffolding. 


10. 


hit. 


12: 


Tol 


14. 


l5, 


16. 
17. 


18. 


19, 


20. 
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Guardrails and toe boards must be placed 
on all open sides and ends when scaffold 
platforms are over above the ground. 
A 

5 

C. 10 

DHS 

The height of rolling scaffolds should not 
exceed times the minimum base 
dimension. 

A. two 

B. three 

CHrour 

D. five 

Fall restraint regulations apply to situations 
where a fall of more than ___ feet could 
occur. 


Safety belts may be used in situations 

requiring fall-arrest devices. True or False? 

Shock absorbing lanyards make it possible 

to employ anchor points capable of 

supporting a pound static load per 

worker. 

A. 1000 

B. 2000 

C. 3000 

D. 5400 

Grounding an electric tool 

A. causes it to run faster 

B. makes the tool unsafe 

C. increases the life of the tool 

D. protects the operator if the tool has a 
short circuit 

What does the abbreviation GFCI stand for? 

Identify three hazards that can be reduced 

by keeping hand tools in good repair. 

Distinguish between Class A, B, C, and D 

fires. 

One fire extinguisher is required on a con- 

struction site for every square feet of 

floor space. 

A. 2000 

B. 3000 

C. 1000 

D. 4000 

What information is contained in a material 

safety data sheet? 
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Suggested Activities 


1. Check the clothing you wear to see that it 
meets the standards established in this 
chapter. 

2. Using a voltmeter, check all corded portable 
electric tools in the shop to see that they are 
grounded. 


Plumbing Tools 


Objectives 


This chapter deals with the function and care of 
common plumbing tools. 


After studying this chapter, you will be able to: 


e Recognize and name each of the tools used 
by a plumber. 


e Explain what each tool is designed to do. 


e Select the proper tool in the proper size for 
the desired task. 


e Explain and demonstrate how to maintain 
common plumbing tools. 


Technical Terms 


Measuring tools Chalk box 
Layout tools Compass 
Yellow keel Dividers 
Soapstone Saber saw 
Plumb Reciprocating saw 
Level Compass saw 
Laser level Hacksaw 
Torpedo level Jab saw 
Electronic level Back saw 
Builder’s level Miter box 
‘Transit Files 

Line level Cold chisel 
Water level Aviation snips 
Plumb bob Pipe cutter 
Chalk line Soil pipe cutter 


Internal pipe cutter 


Strap wrench 


Multispur bits Monkey wrench 
Plumber’s augers Spud wrench 

Spade bits Groove-joint pliers 
Hole saw Slip-joint pliers 
Concentric Locking pliers 
Mandrel Pipe vise 

Rotary hammer drill | Chain-type pipe vise 
Diamond core . Bench vise 


drilling equipment 
Reaming 
Pipe wrench 
Chain wrench 


Carpenter’s hammer 
Ball peen hammer 
4-in-1 screwdriver 


In plumbing, as in other skilled trades, the 
worker’s ability and knowledge is closely tied 
to the tools used. Good tools in the hands of a 
skillful worker turn out quality work. Poorly 
maintained or improper tools in the hands of 
the same worker cannot produce the same 
quality of work. 


Commonly Used 


Tools 


Simple plumbing jobs usually require only 
a few tools. However, a much larger number 
and variety of tools is needed to perform all the 
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operations that are part of plumbing work. 
This chapter will consider the most frequently 
used tools. Some tools are needed in several 
sizes. In such cases, you will find guidelines for 
selecting the proper size for the job. 


Measuring and 
Layout Tools 


Instruments that measure length, height, 
diameter, levelness, or plumb are classified as 
measuring tools. Those that are used to 
produce accurate lines, circles, or any other 
marking are called layout tools. Tools the 
plumber will use include tapes, rules, squares, 
levels, plumb bobs, chalk lines, compasses, and 
dividers. Plumbing dimensions must be accu- 
rate within fractions of an inch, and the instru- 
ments must be capable of such accuracy over 
distances of several feet. 


Tapes 


Many plumbers carry a steel tape measure, 
Figure 2-1, for its convenience. Since the 
blades of most tape measures retract into their 
cases at the push of a button, they can be 
quickly put away with one hand. A hook on the 
end permits the blade to catch on the end or 
edge of a piece of stock so that it can be pulled 
out to make the measurement. 

Steel tapes are available in different blade 
widths, ranging from %” to 14%”. The 1” and 1%” 
wide blades are stiff enough when extended to 
permit overhead measurements to be made by 
an individual plumber. The wide tapes are 
generally 15’, 25’, or more in length. Comp- 
arable length metric tapes are also available. 

Long tapes, Figure 2-2, have steel or fiber- 
glass blades. They are useful for locating 
terminal points for pipe or for measuring the 
length of pipe required for long runs. Some 
long tapes are marked in both U.S. Customary 
(also called “English”) and metric units. Long 
tapes are available in 25’, 50’, 100’, 200’, and 
300’ lengths and in 10, 15, 20, 25, and 50 meter 


Figure 2-1. The blade of this retractable measuring 
tape recoils into the case. (CooperTools) 


lengths. Generally, plumbers prefer the 100’ 
size because of its greater versatility. 


Care of tapes 

A steel tape must be kept clean, dry, and 
free from kinks if it is to work properly. Water 
and mud carried into the case when the tape is 
rewound can cause rust and damage to the 
rewinding mechanism. Dirt, sand, or other dry 
abrasive materials can wear away the numbers 
on the tape as it is unwound and rewound. In 
time, the tape may become unreadable. A tape 
that has been bent or kinked is difficult to 
rewind and will not lie straight when extended. 
These problems can be prevented by using care 
when the tape is extended and wiping away 
water and dirt before rewinding. The design of 


Measuring tools: Instruments that measure length, 
height, diameter, levelness, or plumb. 


Layout tools: Instruments used to produce accurate 
lines, circles, or any other marking. 


Figure 2-2. Long tapes. A—This 100’ steel tape is 
useful for measuring long runs of pipe. B—An open- 
reel design is usually used for long tapes with fiber- 
glass blades. (CooperTools) 


better-quality steel tapes permits the replace- 
ment of the blade when the original one 
becomes worn or damaged. A replacement 
blade is shown in Figure 2-3. 


Rules 


Two types of folding rules continue to be 
available, even though most plumbers prefer 
wide steel tapes. The folding wood rule in 
Figure 2-4 is equipped with a metal sliding 
extension. This can be used to take accurate 
internal measurements. 

A plumber’s rule, Figure 2-5, is a special 
type of folding rule. It has vertical markings on 
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Figure 2-3. Replacement tapes for steel rules can be 
attached quickly to a metal tang inside the rule’s case. 
(CooperTools) 


one side and a 45° scale on the other. It is avail- 
able in either 6’ or 8’ lengths. Metric rules are 
sold in 1 and 2 meter lengths. 

Avoid dropping a folding rule on its end. 
The stress may loosen the joints enough to 
cause troublesome inaccuracies. Even a slight 
movement at each joint could multiply into 
fractions of an inch over several feet. 

Dirt and repeated use will make folding the 
rule difficult. To prevent this problem, apply a 
small quantity of lightweight oil or silicone 
lubricant to the joints at regular intervals. 


Squares 


Plumbers will find some type of square 
useful when locating the position of fixtures or 
when marking framing members for cuts to 
permit plumbing installation. 

The type of square selected depends on the 
type of work being done and the preference of 
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Figure 2-4. A folding wood rule can be carried in a pocket, where it is always handy. It is sometimes called a 


“Zigzag” or an extension rule. (CooperTools) 


Figure 2-5. A plumber’s folding rule. The side with 
vertical inch markings is shown at the top. A 45° scale 
is shown at the bottom. (Stanley Tools) 


the plumber. There are three common types: 
the try square, the combination square, and the 
framing square. 

The try square, Figure 2-6, can be 
purchased with a 6” or 12” blade. The combina- 
tion square, Figure 2-7, is equipped with a 12” 
blade that can be moved through a head. This 
head can measure 90° and 45° angles. The 
framing square, Figure 2-8, has a 24” blade 
and a 16” tongue. 
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Figure 2-6. The try square has a 6” metal blade and 
metal or wood stock. (Stanley Tools) 


Figure 2-7. A combination square has a sliding head 
and a scriber for marking metal. (The Ridge Tool Co.) 


Figure 2-8. A framing square is used for measuring, 
squaring, and marking cuts to be made on walls and 
partitions. (Stanley Tools) 


Professional Tip 


Use care in handling a square. Dropping it 
or striking it against another object could 
change the angle between the blade and the 
head or tongue. You should also protect it from 
rusting, so that the scales remain readable. 


Marking Tools 


Yellow keel and soapstone are valuable for 
marking pipe. In some situations, a pencil can 
be used instead. Yellow keel is a wax-based 
marker that works well on galvanized or black 
iron pipe, cast iron pipe, copper, or plastic. 
Soapstone is a relatively soft natural stone that 
is cut into thin, flat pieces. It is used to mark 
cast, galvanized, and black iron pipe. 


Code Note 


A plumbing permit must be obtained 
before work begins at the site and must be dis- 
| played at the site until the work is approved by 
| the appropriate building inspector. 


Alignment Tools 


When installing pipe and plumbing 
fixtures, it is often necessary to determine if the 
part is plumb (vertical) or level (horizontal). 
Several tools are used for these purposes. 

The level, Figure 2-9, is used to check both 
positions. A good general-purpose level has at 
least three vials. One vial tests levelness when a 
parallel edge of the tool is against the part. See 
Figure 2-10. The remaining vials test plumb- 
ness (vertical alignment) of an object regardless 
of which end of the level is up, Figure 2-11. 
Levels can be purchased in a number of lengths, 
with 2’ and 4’ models the most popular. For 
plumbers, an aluminum or magnesium level is 
preferable to a wood level, because it is less 
likely to be damaged by moisture. 


Yellow keel: A wax-based marker that works well on 
galvanized or black iron pipe, cast iron pipe, copper, 
or plastic. 

Soapstone: A relatively soft natural stone that is cut 
into thin, flat pieces and used to mark cast, galva- 
nized, and black iron pipe. 

Plumb: Exactly vertical; at a right angle to the 
horizontal. 

Level: A tool used to determine if something is hori- 
zontal (level) or vertical (plumb). 
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Figure 2-9. A bubble in the appropriate vial centers 
when the part being checked is level or plumb. (The 
Ridge Tool Co.) 


Read 
horizontal 


Figure 2-10. Testing horizontal alignment with a level. 
The reading is taken from the vial that is horizontal. 


Read 
horizontal 
vial 


Figure 2-11. A pipe is plumb when the bubble in the 
horizontal vial is centered. 
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The laser level, shown in Figure 2-12, has 
achieved wide use in construction in recent 
years. These tools cannot only check plumb 
and level, but project a beam of light that can 
be used to align pipe, measure elevations, and 
perform a variety of other layout and align- 
ment tasks. 

The torpedo level, Figure 2-13, can easily 
be carried in a pocket since it is only approxi- 
mately nine inches long. While it may not be as 
accurate as a longer level, it works well for 
many plumbing tasks. 

One of the newest tools used in the 
industry is the electronic level, Figure 2-14. It 
is particularly useful when placing sewer or 
drainage piping, because it provides a direct 


Figure 2-12. Laser levels not only check plumb and 
level, but they project a beam of light used for layout 
and alignment. (The Ridge Tool Co.) 


Figure 2-13. A torpedo level with a magnetic base is 
very handy. It will stick to iron pipe for making horizon- 
tal alignment or vertical (plumb) readings. (Stanley 
Tools) 


Figure 2-14. An electronic level accurately measures 
slope and provides a direct digital readout. (Wedge 
Innovations) 


digital readout of the slope. This tool can also 
be used for horizontal and vertical alignment. 
If an electronic level is not available, it is 
possible to accurately measure slope by 
attaching a block of the correct thickness to one 
end of the level, Figure 2-15. In order to 
measure a slope of one-fourth inch per foot 
using a two-foot level, a one-half inch thick 
block is required. If a four-foot level is used for 
the same slope, a one-inch block would be 
needed. 

Always handle a level carefully to avoid 
breaking the vials. When not in use, the level 
should be stored where it will not be twisted, 
bent, or damaged by contact with other tools. 

A builder’s level measures elevations 
(vertical distances) and horizontal angles. A 
transit will measure vertical angles in addition 
to elevations and horizontal angles. A level and 
transit are often combined. See Figure 2-16. 
Chapter 3 will discuss these tools in more 
detail. 


Block taped 
to level 


C O 


Figure 2-15. Placing a block of the proper size under 
the level allows you to measure the slope of the pipe. 


Laser level: A tool that projects a beam of light that can 
be used to align pipe, measure elevations, and 
perform a variety of other layout and alignment tasks. 


Torpedo level: Leveling tool that is approximately 
nine inches long. 


Electronic level: A tool that provides a direct digital 
readout of the slope; it can also be used for horizontal 
and vertical alignment. 


Builder's level: Tool that measures elevations (vertical 
distances) and horizontal angles. 


Transit: A tool that measures vertical angles in addi- 
tion to elevations and horizontal angles. 


Figure 2-16. A transit-level is similar to a builder’s 
level. A—In addition to moving horizontally, the tele- 
scope can move vertically to plumb vertical surfaces. 
B—The tripod supports the transit-level. (CST/Berger) 


Another leveling tool that is sometimes 
used by plumbers is the line level, Figure 2-17. 


Line level: A small, lightweight level designed to be 
hung from a horizontal string to transfer vertical 
dimensions over distances. 


Water level: A tool consisting of a flexible hose filled 
with water. One end of the hose is positioned at a 
known elevation. The known elevation can be trans- 
ferred to any other point that can be reached by the 
hose. 

Plumb bob: A tool consisting of a weight that is 
suspended by a string. When the plumb bob is 
allowed to hang freely, the string line will assume a 
position that is exactly vertical. 
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By hanging this tool on a tightly stretched cord, 
it is possible to transfer vertical dimensions 
over distances without a builder’s level. 

An alternative to the builder’s level or the 
line level for transferring elevations is a water 
level. The water level, Figure 2-18, consists of 
a flexible hose filled with water (in some cases, 
the water may be colored to make it more 
visible). A clear tube is attached to each end of 
the hose. One end of the hose is positioned at a 
known elevation. The plumber can then 
transfer the known elevation to any other point 
that can be reached by the hose. 


Plumb Bob 


The plumber can accurately locate the 
center of a vertical run of pipe and transfer this 
point from one floor level to another with a 
plumb bob, Figure 2-19. Although the plumb 


Figure 2-17. A line level on a tightly stretched string 
is sometimes used to transfer heights from one distant 
point to another. (Stanley Tools) 


Garden hose 


Figure 2-18. A water level can be used to transfer 
elevations. 
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Figure 2-19. The plumb bob must be well balanced 
and its string must be attached at exact top center. 
(Stanley Tools) 


bob is a simple tool, it must be used with care 
if it is to function accurately. 

In Figure 2-20, you can see that the string 
line must attach to the center of the plumb bob, 
not the side. The point of the bob must hang 
directly below the string in a vertical plane. If 
slanted at an angle, the plumb measurement 
will be inaccurate. 

A rounded or bent point on a plumb bob 
will give an inaccurate reading. If possible, the 
point of the plumb bob should be replaceable. 


Chalk Line 


A chalk line is useful for laying out long, 
straight lines on hard, fairly smooth surfaces. 
The chalk-coated line is pulled taut between 
two points. Then, it is carefully snapped 
against the surface, producing a straight line 


Correct Incorrect 


Figure 2-20. If the string is incorrectly attached to a 


plumb bob, the point will be deflected and your read- 
ing will be inaccurate. 


marked in chalk. Three precautions must be 
observed for accurate, clearly visible markings: 


e The line must not be allowed to catch on 
any object between the two points. 


e The line must be stretched tightly. 


e The line must be lifted vertically from the 
surface and then released. This is called 
“snapping a line.” 


Chalk Box 


In an older method of chalking, a piece of 
chalk was rubbed along the line. A more con- 
venient method is the chalk box, Figure 2-21. 
It not only stores the line but also chalks it auto- 
matically. A supply of powdered chalk or 
powdered watercolor pigment is placed inside 
the box. Chalking takes place as the line is 
pulled out. To ensure that the line is uniformly 
covered with chalk, you can tap on the box as 
the line is uncoiling 

Maintenance includes adding powdered 
chalk as needed, reattaching the metal clip on 
the end of the string when the line becomes 
worn and, on occasion, replacing the string line. 

Since the powdered material will absorb 
water, it is vital to keep the chalk box dry. 


Clip attached to 
chalk line 


Rewind handle < 


Figure 2-21. A chalk box stores and recoats line 
between each use. (CooperTools) 


Chalk line: Marking tool consisting of a string coated 
with chalk. Usually the string is stored in a chalk box. 


Chalk box: A metal or plastic container that holds a 
chalk line (string/cord) and a supply of powdered 
chalk. The box is equipped with a reel that rolls the 
chalk line inside the box through the powdered chalk. 


Failure to do this results in a clogged chalk box 
that may be almost impossible to clean. 


Compass and Dividers 


Laying out circles and arcs requires a 
compass or dividers, Figure 2-22. There is a 
difference in these tools. The compass has a 
pencil in one leg, while dividers have two 
metal points. 

Each tool has its advantages. The pencil 
mark made by a compass is more easily seen on 
wood and other light-colored materials. 
However, the line scratched in the surface of 
metals by the dividers’ point is more perma- 
nent. The dividers have the additional advan- 
tage of not requiring frequent sharpening. 

When it is necessary to sharpen the metal 
point on the compass, or both points on the 


Figure 2-22. Layout tools. A—The compass is pre- 
ferred for marking soft or light-colored surfaces. B-— 
Dividers have two sharp metal points. They are used 
for marking hard, smooth surfaces such as metal. 
(Stanley Tools) 
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Compass: A layout tool used to draw arcs and circles. 


Dividers: A layout tool with two sharp metal points. It 
is used to divide spaces into equal parts and to draw 
circles where it is desirable to scratch the surface of the 
material being marked. 
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dividers, the metal should be removed from 
the outside, Figure 2-23. For the compass or 
dividers to work correctly, the two legs must be 
the same length. On the compass, this is done 
by adjusting the pencil each time it wears 
down. Before sharpening dividers, it is neces- 
sary to grind the legs to the same length. 

It is possible to draw arcs and circles 
without a compass or dividers. A nail, pencil, 
and length of string are all that are required. 
Drive the nail at the center of the circle or arc. 
Make a loop with the string equal in length to 
the radius of the circle or arc. Place the loop of 
string around the nail and the pencil and 
proceed to draw, Figure 2-24. This method is 
also useful for drawing circles or arcs too large 
for a normal compass or dividers. 


Cutting Tools 


The plumber must often make alterations to 
the structure so that pipes can be passed into 
walls and through roofs and floors. This calls 
for the use of cutting tools. 


- Grind here 
| 


nside of leg 
remains straight 


Figure 2-23. To preserve their accuracy, dividers 
should be sharpened only on the outside of the legs. 


Pencil ~ 


We bel | ‘ String ~ 


a 
Center of circle A 
or arc 
Figure 2-24. A nail, a length of string, and a pencil 
can be used to lay out a circle or arc. 
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Saws 


The saber saw, Figure 2-25, can cut both 
straight and curved lines in wood and other 
relatively soft materials, such as gypsum 
board. The length of the blade limits the thick- 
ness of material the saw can cut. 

Where material thicker than 14” must be 
cut, the reciprocating saw, Figure 2-26, is 
used. With the proper blade, it will also 
cut pipe. 

Sometimes using electric power tools is not 
possible or practical. In such cases, the manual 
compass saw, Figure 2-27, works well for 
cutting holes greater than 1” in diameter. Since 
the blade of this saw tapers to a point, it will 
cut a smaller radius nearer the point. On a large 
radius, cutting is done with the widest part of 
the blade, near the handle. 

The narrow portion of the blade can be 
easily bent if too much pressure is exerted 
when sawing. Like all saws, the compass saw 
should be stored where the blade will not be 
damaged or teeth dulled by contact with other 
tools or metal objects. 

The hacksaw, Figure 2-28, is the all- 
purpose tool for cutting metal. Plumbers keep 
one in the toolbox for occasional use in cutting 
galvanized and black iron pipe. However, 
this is not usually recommended—it is very 


Figure 2-25. The saber saw will cut openings in 
materials less than 1%” thick. (Porter-Cable) 


difficult to produce a square cut, and crooked 
cuts are hard to thread. 

If you must use a hacksaw, be sure to install 
the correct blade. This will improve the quality 


+ 
6T BI-METAL WOOD 


wi 
S 
7 
io 


Rough cutting in wood with embedded nails 


3 
3 


© 
Q 
4 
N 


et ,, d 
METAL 


24T BI-METAL 


Light gauge sheet steel 


i Demoliti 
i pitty Mota! And Pipe o 9 TFI + Bi-Mote! 


Metal and pipe 


Figure 2-26. Corded and cordless reciprocating saws 
will cut through thicker material than a saber saw can 
handle. A variety of blades are available. 
(Porter-Cable; S-B-Power Too! Co.) 


Saber saw: Saw that can cut both straight and curved 
lines in wood and other relatively soft materials, such 
as gypsum board. 


Reciprocating saw: Heavy-duty electric saw that can 
cut material thicker than 1%”. 


Compass saw: Manual saw that works well for 
cutting holes greater than 1” in diameter. 


Hacksaw: A manual metal-cutting saw with a replace- 
able blade. 


Figure 2-27. A compass saw cuts large curves or cir- 
cles. (Stanley Tools) 


Figure 2-28. Hacksaws. A— This hacksaw frame has 
a D-handle design. B—Some hacksaws provide stor- 
age for extra blades. (CooperTools) 


of the work and lengthen blade life. Hacksaw 

blades are designed and manufactured for 

different uses. They differ in several respects: 

e Length. Both 10” and 12” blades are 
produced. The shorter blade is more 
frequently used. 


Jab saw: A saw consisting of a handle and a common 
hacksaw blade, it helpful for cutting metal in close 
quarters. 
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e Flexibility. Heat-treating processes can 
harden all or only a part of a blade. Flexible- 
back blades are generally preferred for 
cutting pipe. Only the teeth of these blades 
are hardened. The rest of the blade is soft to 
withstand bending. 


e Set of the teeth. All hacksaw teeth are set 
(angled) slightly from the vertical. This 
widens the cut (kerf) so the back of the 
blade will not bind and break. Teeth are set 
in three different patterns as shown in 
Figure 2-29. 


e Coarseness. This refers to the number of 
teeth per inch. The thinner the material 
being cut, the finer the blade should be, 
Figure 2-30. If the teeth are too small, they 
will clog with chips. If the teeth are too 
large, they will catch on the edges of the 
metal and may break off. As a general rule, 
blades with 32 teeth per inch are suitable 
for tubing. Blades with 24 teeth per inch 
work well on galvanized or black iron pipe. 


A jab saw is helpful for cutting metal in 
close quarters. It consists of a common 
hacksaw blade that is secured in a handle, 


Raker 
teeth 


Alternate Raker Wavy 

set set set 
Figure 2-29. Teeth on all hacksaw blades are bent at 
a slight angle off the vertical. This is called the set and 
produces a cut wide enough that the rest of the blade 
does not bind or break. In the alternate set, every 
other tooth is bent to the same angle. In the raker set, 
every third tooth is left vertical to “rake” out cut material. 
In the wavy set, teeth are bent at varying angles from 
left to right so that the line created by the set weaves 
slowly from left to right. 
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Correct Incorrect 
Two teeth cutting Teeth can straddle 
at all times section of material 


being cut 


Figure 2-30. Select a hacksaw blade with the proper 
coarseness (number of teeth per inch) for the material 
being cut. Teeth at the right are too coarse for the thin 
tubing. 


Figure 2-31. This tool must be used carefully to 
prevent bending the blade. However, in places 
where a regular hacksaw will not fit, the jab 
saw can be very useful. 

A back saw or a saw specially designed for 
cutting plastics, Figure 2-32, can be used with 
a miter box to cut plastic pipe. A saw with 12 to 
16 teeth (points) per inch will produce smooth 


i 
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Figure 2-31. A jab saw can fit into tight spaces where 
a hacksaw would be too large. (Stanley Tools) 


Figure 2-32. The PVC saw, top, is designed specifi- 
cally for cutting plastic pipe. (The Ridge Tool Co.) A 
miter box fitted with a PVC saw or back saw, bottom, 
will make accurate cuts on plastic pipe. 


cuts. The miter box ensures a square cut that 
conforms well to a fitting. 


Files 


Files form another class of tools with 
cutting teeth. Their purpose is to remove small 
quantities of wood or metal while shaping and 
smoothing the material. Files have many 
different shapes, lengths, types of teeth, and 
degrees of coarseness. 

Figure 2-33 shows some common cross- 
sectional file shapes. The shape selected will 
depend on the contour to be produced on the 
filed surface. For example, flat or convex 
(bulging) surfaces require a flat or mill file. 

Teeth on a file are cut in one of several 
patterns, Figure 2-34. A single-cut file is gener- 
ally used for finish work on metal. A double- 
cut file removes material faster than a single- 
cut file but produces a rougher finish. The 
curved-tooth file is preferred when working on 
soft metals such as aluminum. A rasp-cut file 
rapidly removes soft material such as wood. 

Files are also designated by their degree of 
coarseness: 


e Coarse. 

e Bastard. 

e Second-cut. 

e Smooth. 

e Dead-smooth. 


Coarseness is also related to length, as 
shown in Figure 2-35. With experience, the 
plumber will learn the full range of tooth sizes 
for different lengths of files. For general- 
purpose work, a 10” to 12” file with bastard or 
second-cut teeth is recommended. 


Back saw: A saw specially designed for cutting 
plastics. 
Miter box: A saw guide that can be used when cutting 


plastic pipe. The miter box ensures a square cut that 
conforms well to a fitting. 


File: A tool for shaping metal, wood, and other 
materials. 
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File length 


Figure 2-33. A selection of files useful in plumbing. Length of the file is measured from heel to point. Cross sec- 
tions show various shapes of files; a contour may be selected to fit the surface being filed. (American Saw and 
Mfg. Co.; Nicholson Div., CooperTools) 


Particles of metal or wood can clog the 
teeth of a file and reduce its ability to cut. The 
teeth can be cleaned with a tool called a file 
card, Figure 2-36. When cleaning, brush 
parallel to the teeth, using the wire bristles to 
remove tightly lodged particles. Files should be 
stored wrapped in a cloth or otherwise 
SA protected from contact with other metal 
Double cut objects. This practice will protect the teeth from 
damage. 


Single cut 


Code Note 
Every living unit (house, apartment, or | 


Curved tooth 


condominium) is required to have at least one 
bathroom that includes a toilet, lavatory, and 
bathtub or shower. 


Rasp cut 
Figure 2-34. Files can also be identified by the kinds 
of teeth. 


Wood Chisel 


A wood chisel is often used, along with a 
handsaw, to trim openings and make notches 
for pipe, Figure 2-37. A chisel with a solid steel 
Figure 2-35. There is a relationship between the shank extending through the handle is best. 


length and degree of coarseness of files. The longer The metal cap provides striking surface for a 
the file, the coarser the teeth. mallet. Blades range in width from %” to 2”. 


8” 1 QO” 1 Co kid 
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Figure 2-36. A file card and brush is used to clean 
files. (CooperTools) 


Like all cutting tools, the chisel must be 
sharp if it is to work well. It will have to be 
reground occasionally to a 25° angle to remove 
excess metal. Frequent honing will produce a 
keen cutting edge. Honing should be done on 
the beveled side of the chisel. Use a medium 
and then a fine oilstone to remove the burr 
raised by the honing. This does not change the 
angle of the cutting edge. See Figure 2-38. 

To produce a polished edge and to remove 
any remaining burr, strop the chisel on leather 


Mark Saw 


Combination 
B oilstone 


Figure 2-38. Sharpening and honing a chisel. 
A—Cutting edge of the chisel should be ground to a 
25° angle. B—Wood chisel can be honed on an 
oilstone. The 25° angle used in grinding should be 
maintained. 


coated with buffing compound such as 
“tripoli.” 


Cold Chisel 


Another useful cutting tool is the cold 
chisel, Figure 2-39. This term covers several 
variations, such as the flat, cape, round nose, 
and diamond-point chisels. The general- 
purpose flat chisel is the most useful to the 
plumber. It can be used to cut cast iron pipe. 

The cold chisel is ground to a somewhat 
blunt (60°) edge, as shown in Figure 2-40. This 
cutting edge should be resharpened occasion- 
ally. Whenever necessary, grind the chisel head 


Chisel 
Figure 2-37. Notches for pipe can be cut in studs or joists using a hand saw and wood chisel. 


Figure 2-39. Cold chisels are made of heat-treated 
steel. (The Ridge Tool Co.) 


to remove the mushrooming caused by 
hammering. 


Aviation Snips 


Aviation snips are useful for cutting sheet 
metal, Figure 2-41. The compound lever- 
action of the snips makes cutting relatively 
easy. Aviation snips are available in right, left, 
and straight cut designs. 


Pipe Cutters 


A more sophisticated tool is the pipe cutter, 
shown in Figure 2-42. It has four movable 
parts: a cutter wheel, two guide wheels, and an 
adjusting screw. Used properly, it will remain 
serviceable for a long time. However, the cutter 
wheel will eventually dull and need to be 
replaced. A dulled cutter tends to crush the 
pipe, rather than cut it. Preventive mainte- 
nance consists of periodically applying a small 


Cold chisel: A hand tool used with a hammer to cut 
metal. 


Aviation snips: Tool used for cutting sheet metal. 


Pipe cutter: A tool for cutting pipe that makes use of a 
hardened steel cutter that is revolved around the pipe 
to make the cut. 
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Figure 2-40. Cold chisel care. A—Cutting edge of the 
cold chise! is ground to a 60° angle and resharpened 
as needed. B—Removing the mushroomed metal on 
the head by grinding reduces danger of injury from fly- 
ing steel particles. 
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Figure 2-41. Aviation snips use compound lever 
action to make cutting easier. They are manufactured 
in three styles. 


Figure 2-42. The pipe cutter has a threaded handle 
that moves the guide wheels tightly against the pipe 
being cut. This action helps the cutter wheel bite into 
and cut the metal. (The Ridge Tool Co.) 
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amount of lubricating oil to the screw and the 
cutting wheel. 


Soil Pipe Citmer 


The soil pipe cutter pictured in Figure 2-43 
is similar to the smaller pipe cutter. For cutting 
cast iron pipe, it is much faster than using a 
chisel. In operation, the chain is drawn tight 
and the tool is slowly rotated. The cutters are 
forced into the walls of the pipe to break it 
cleanly. 


Internal Pipe Cutter 


An internal pipe cutter, Figure 2-44, is 
useful for cutting off plastic or copper pipe 


Figure 2-43. A soil pipe cutter has cutting roller at 
every link. (The Ridge Tool Co.) 


Figure 2-44. An internal pipe cutter is used to cut 
plastic or copper pipe at or below the floor level. 
(The Ridge Tool Co.) 


below the surface of a concrete floor so a closet 
flange can be installed. As the tool is rotated, 
the cutting wheel is forced into the pipe from 
the inside. 


Drilling and Boring 
Tools 


Portable electric drills are useful for boring 
holes in wooden structural parts where 
plumbing is being installed. Drills and a 
variety of bits are described below. 


Portable Electric Drills 


Portable electric drills are available in either 
corded (plug-in) or cordless models. A %”, %”, or 
4” drill, Figure 2-45, is useful for drilling holes 
up to 1” diameter in wood. Cordless drills are 
convenient because a power cord and exten- 
sion cords are not needed. However, the 
battery will discharge rapidly when drilling 
large holes. The development of 18-volt cord- 
less drills has greatly increased their capacity. 


A B 
Figure 2-45. Both cordless and corded drills are 
available with chucks of %”, %”, or %” capacity. 
(Makita USA, Inc.) 


Soil pipe cutter: A cutting tool designed to cut cast 
iron pipe. The cutting action is achieved by clamping 
a chain, which includes a series of cutters, around the 
pipe. 

Internal pipe cutter: A cutting tool designed to cut off 
plastic or copper pipe below the surface of a concrete 
floor so a closet flange can be installed. 


A %” portable electric drill has the capacity 
to drill nearly any size hole needed in 
plumbing. The %” chuck will accept twist drills 
with shanks up to %” diameter. Plumber’s 
augers, multispur bits, high-speed bits, spade 
bits, and hole saws can be used in a %” chuck. 

Some plumbers prefer to work with an 
offset portable electric drill like the one shown 
in Figure 2-46. It is easier to use when drilling 
holes close to walls or between joists and studs. 


! i 
History Brief 


Portable electric tools can be traced back 
to the pistol grip 4” portable electric drill first 


marketed by Black & Decker, Inc. in 1917. In 
1946, Black & Decker was the first manufac- 
turer to introduce a line of portable electric 
tools for the home market. 


Drill Bits 


Multispur bits, Figure 2-47, are designed 
for drilling in wood. They are available in 
diameters from 1” to 4%”. The spurs can be 
sharpened with a triangular file. For sharp- 
ening the cutting lip, a mill file is most 
suitable. 


Figure 2-46. An offset portable electric drill bores 
holes where space is limited. (Makita USA, Inc.) 


Multispur bits: A one-piece device for drilling large 
diameter holes in wood. 

Plumber's augers: Drill bits that are designed to cut 
only wood. 

Spade bits: Wood-cutting drill bits available in 4” -1%" 
diameters. 

Hole saw: A device for cutting holes from 1”-3%” in 
diameter. 


Concentric: Having a common center. 


Chapter 2. Plumbing Tools 67 


Figure 2-47. A multispur bit is generally made with %” 
round shank. It bores large holes in hard or soft wood 
at any angle. (Milwaukee Electric Tool Corp.) 


Plumber's augers, Figure 2-48, are avail- 
able in diameters of %” through 1%” in %” grada- 
tions. These bits are designed to cut only wood. 
Plumber’s augers are sharpened with an auger 
bit file. 

Spade bits, Figure 2-49, are the least expen- 
sive of the large-diameter wood-cutting bits. 
They are available in diameters of %” through 
2%”. They can be sharpened with a mill file or a 
tool grinder. 

The hole saw is designed for cutting holes 
from 1” to 34” in diameter. There are two 
different types available. One type of hole saw 
has a disc-shaped head with concentric circular 
grooves on one side. (Concentric means all the 
circles have a common center.) A shank on the 
other side of the head attaches to the drill. 


Figure 2-48. Plumbers augers do an excellent job of 
drilling holes in wood. (Greenlee Textron) 


Figure 2-49. Spade bits cut clean, smooth holes. 
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Figure 2-50. The hole saw combines a drill bit and a 
cylindrical saw blade. (Porter-Cable) 


To set up this hole saw, the operator inserts 
a saw-edged band of the desired diameter in 
the correct circular groove. The band is held in 
place with lock screws. This tool is limited in 
the depth of cut it can make. 

The hole saw shown in Figure 2-50 is made 
from a single stamped cylinder of steel. 
Separate cylinders are available for each hole 
size. The desired-size cylinder is threaded onto 
a shaft, or mandrel, that also holds a pilot bit, 
Figure 2-51. This type of hole saw is more 
expensive, but is generally preferred by 
plumbers. It works better, lasts longer, and is 
easier to use. 

A rotary hammer drill, Figure 2-52, is an 
effective means of drilling holes in concrete 
and masonry. The hammering action breaks the 
dense material and the rotating bit removes the 
chips. In addition to special twist drills and 
core drills, a variety of chisels and points are 
available for this type of tool. Twist bits are 
available in diameters from %” to 1”. Core drills, 
which will drill to a depth of more than 4”, are 
available in diameters from 1” to 6”. 

Diamond core drilling equipment, Figure 2-53, 
is used to drill large-diameter holes through 
steel reinforced concrete. Diamond core drills 
can drill holes to a depth of 14”, in diameters 
from %” to 14”. Core drilling equipment is held 
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Figure 2-51. For large holes, a hole saw with a cylin- 


drical blade threaded onto a mandrel works best. 
(The L. S. Starrett Co.) 


Figure 2-52. Rotary hammer drills are used to effi- 
ciently drill holes in concrete and masonry walls or 
floors. (Porter-Cable) 


in position by vacuum plates mounted at the 
base of the machine. Water is used as a coolant 
for the cutting operation. A special water- 
collecting ring and pump are often necessary to 


Mandrel: A shaft onto which cylinders for a hole saw 
are threaded. 


Rotary hammer drill: An effective tool for drilling 
holes in concrete and masonry. 


Diamond core drilling equipment: Equipment used to 
drill large-diameter holes through steel reinforced 
concrete. 


Figure 2-53. Diamond core drills. A—Drilling 
machine used to drill large holes in concrete. 
B—A selection of diamond core drill bits. 

(The Ridge Tool Co.) 


prevent water damage to the surrounding area. 
Since diamond core drilling equipment is 
expensive and a bit complicated to operate, this 
work is often done by specialty contractors. 


Reaming and Threading 
Tools 


Reaming the end of a pipe removes the burr 
formed inside when the pipe is cut. This oper- 
ation is shown in Figure 2-54. If the burr is not 
removed, it will collect deposits that obstruct 
the flow of water. 


Pipe co 


Burr 


Burr removed 


Cut pipe 
Figure 2-54. Cutters are on tapered face of the bur- 
ring reamer. The taper allows the reamer to be used 
on almost any size pipe. 


ee 
Reaming: Removing the burr from the inside of a pipe 
that has been cut with a pipe cutter. 
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Dies 


Before galvanized pipe can be assembled in 
a plumbing system, the pipe ends must be 
threaded. For this job, the plumber uses special 
pipe threading dies mounted in a die stock, 
Figure 2-55. Pipe dies cut correctly tapered 
threads for each of the standard pipe diame- 
ters. These range from %”—4”. The dies must be 
sharp so they cut the metal rather than tearing 
or breaking off pieces. Dies that tear or break 
off pieces of the thread will produce joints that 
leak. 

A die stock is needed to hold and turn the 
pipe die. The ratchet-style die stock is 
preferred, because it permits the worker to 
stand to one side of the pipe and use body 
weight to rotate the die. 


' Professional Tip 


Whenever threads are being cut, apply 
cutting oil to reduce friction and heat. 


Tools for Assembling 
and Holding 


The plumber’s toolbox must include a 
variety of gripping tools. Wrenches and pliers 
are used to turn pipes, fittings, and fasteners 
found in today’s plumbing systems. Gripping 
tools called vises are sometimes needed to hold 
plumbing parts while the plumber performs 
operations on them. Hammers and screw- 
drivers are often needed during the assembly 
of a plumbing system. 


Figure 2-55. A three-way pipe die and stock permits 
three diameters of pipe to be threaded with a single 
tool. (The Ridge Tool Co.) 
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Wrenches 


Some wrenches must hold pipes in circum- 
stances where only sharp jaws will do the job. 
Others must grip finished surfaces that would 
be ruined by jaw marks. 

Still other wrenches with smooth jaws are 
needed to turn fittings and fasteners such as 
studs, bolts, spuds, slip nuts, and packing nuts. 
Markings on these parts would deform them or 
ruin their appearance. 


Pipe wrench 

A pipe wrench has heavy toothed jaws for 
gripping pipe. It is used to hold or turn 
threaded pipe during assembly. Pipe wrenches 
are manufactured in three basic designs: 
straight, end, and offset, Figure 2-56. The 
straight pipe wrench is used most often. The 
end and offset pipe wrenches are valuable 
when working in close quarters. At least two 
pipe wrenches will be required. Figure 2-57 
lists the pipe wrench lengths most suitable for 
various size pipes. Jaws should be adjusted so 
that the teeth will grip the pipe firmly without 


C 


Figure 2-56. Pipe wrench designs. A—Straight. 
B—End. C—Offset. (The Ridge Tool Co.) 


Table of Pipe Wrenches 
Sizes and Capacities 


Figure 2-57. Use this guide to select the right wrench 
size for the job. 


crushing it. The correct method of using a pipe 
wrench is shown in Figure 2-58. 

The condition of the wrench’s teeth is 
directly related to the tool’s ability to grip pipe. 
You should periodically clean the teeth and 
sharpen them with a triangular file. 

Oil should be applied to the adjustment nut 
at regular intervals to prevent rusting. 


To loosen pipe, 
turn counter- 
clockwise 


To tighten pipe, 
turn clockwise with 
wrench in this position 


Figure 2-58. The open side of the wrench jaws 
should face in the same direction as the force exerted 
on the handle. 


es 
Pipe wrench: A wrench with adjustable, slightly 


curved, toothed jaws used to grip pipe as pressure is 
applied to the handle. 


Chain wrench 

A chain wrench, Figure 2-59, is often used 
to hold or rotate pipe with a diameter of more 
than 2”. Chain wrenches require less space 
around the pipe than pipe wrenches. In addi- 
tion, they are less likely to crush the pipe 
because they apply pressure more uniformly. 


Professional Tip 
Oil the chain wrench at regular intervals 


to prevent the chain from becoming stiff and 
rusted. 


Strap wrench 
A strap wrench, Figure 2-60, can be used to 
assemble chrome-plated or other finished pipe. 


Figure 2-59. The chain wrench is used on large- 
diameter pipe. (The Ridge Tool Co.) 


Figure 2-60. Use a strap wrench to avoid marring 
chrome-plated or other smooth-surfaced pipe. Coat 
the strap with rosin to prevent slipping. 

(The Ridge Tool Co.) 


Chain wrench: A tool used to hold or rotate pipe with 
a diameter of more than 2”. 


Strap wrench: A tool used to assemble chrome-plated 
or other finished pipe. 

Monkey wrench: A wrench with one movable jaw that 
moves along the handle. The jaws are smooth and 
provide no clamping action when force is applied to 
the handle. 
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Such surfaces would be damaged by the teeth 
of a pipe wrench. 


Monkey wrench 

Pipe fittings, valves, and plumbing fixtures 
that have hex (six-sided) or square shoulders 
permit the use of a smooth-jawed wrench, such 
as a monkey wrench, open end wrench, or 
adjustable wrench. The monkey wrench (also 
called a spud wrench) looks like a pipe wrench, 
Figure 2-70. However, it is different in two 
significant ways: 
e The jaws are smooth. 


e There is no provision for the jaws to tighten 
on the part being turned as pressure is 
applied to the wrench. 


The monkey wrench is only useful for 
turning or holding objects that have flats. 
Because of frequent difficulty in adjusting the 
monkey wrench to hold properly, many people 
choose a different type of wrench. 


History Brief 


There are several stories about the origin 
of the name “monkey wrench.” One is that a 
British blacksmith named Charles Moncke | 
invented the tool. Another story is that a 


mechanic in Springfield, Massachusetts, 
developed the wrench with a movable jaw in 
1856. The mechanic was called “Monk,” and 
fellow workers referred to the tool as “Monk’s 
wrench,” which eventually became “monkey | 
wrench.” 


Open-end and box-end wrenches 
Open-end and _ box-end wrenches, 
Figure 2-62, are sold individually or in sets. 


Figure 2-61. A monkey wrench is similar to a pipe 
wrench, but has smooth, narrower jaws. 
(CooperTools) 


72 Section 1 Introduction to Plumbing 


Figure 2-62. Open-end and box-end wrenches. 
A—Open-end wrench. B—Box-end wrench. 
C—Combination wrench. 


The plumber will find the sizes from 1” to 1%” 
useful when assembling fittings to pipe with 
diameters between 4%” and 1”. Metric sizes 
range from 6 mm to 32 mm in increments of 1 
mm. Since the jaws of these wrenches are fixed, 
they are less likely to slip off or damage a nut 
than the jaws of a monkey wrench. 


Adjustable wrenches 

Adjustable wrenches, Figure 2-63, are very 
popular, since they can replace several different 
sizes of open-end wrenches. They hold better 
on nuts than the monkey wrench and will fit 
into more places. However, they are less satis- 
factory for most jobs than an open-end wrench 
of the correct size. Figure 2-64 lists the 
capacity of the jaws for various wrench sizes. 

Since the movable jaw of an adjustable 
wrench is relatively weak, it is important to 
apply pressure as shown in Figure 2-65. To 
prevent rusting, periodically apply a few drops 
of oil to the adjustment screw of the adjustable 
wrench. 


Figure 2-63. An adjustable wrench handles nuts of all 
sizes up to its capacity. Wrenches are made in a num- 
ber of sizes. (CooperTools) 


Sizes and Capacity of 
Adjustable Wrenches 


Figure 2-64. 
wrench sizes. 


Jaw capacity of different adjustable 


Movable 
jaw 
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Figure 2-65. Exerting force properly when using an 
adjustable wrench will prevent damage to the jaws. 


Tighten 
nut 


Basin wrench 

Because of cramped working space, it is 
usually difficult to use conventional wrenches 
on the nuts that secure faucets and some other 
plumbing equipment. The basin wrench, 
Figure 2-66, was developed to solve this diffi- 
culty. The offset jaws of this tool permit the 
plumber to reach into a recess and turn a nut. 


Pliers 


Groove-joint pliers and slip-joint pliers, 
Figure 2-67, are useful for a variety of tasks, 
ranging from holding copper fittings while 


Groove-joint pliers: Tools that are useful for a variety 
of tasks, ranging from holding copper fittings while 
soldering to assembly and disassembly operations. 


Slip-joint pliers: Tools that are useful for holding 
copper fittings while soldering, as well as assembly 
and disassembly operations. 


Basin wrench 


Plastic nut basin wrench 


Figure 2-66. The basin wrench can fit into narrow 
recesses to turn water supply nuts. Water supply tub- 
ing fits through plastic nut basin wrenches. 

(The Ridge Tool Co.) 


soldering to assembly and disassembly opera- 
tions. Plastic-coated handles allow you to use 
pliers comfortably for extended periods of 
time. Do not use pliers on finished plumbing 
parts where the teeth in the jaws might make 
unsightly marks. 

Locking pliers, Figure 2-68, are a multipur- 
pose tool often used when taking apart old 
plumbing fixtures. Since tremendous clamping 
pressure can be exerted with this tool, it is often 
possible to hold or turn a nut or bolt on which 
the square or hex shoulders have worn away. 
Locking pliers should be used only on parts that 
will not be reused, as the marks made by the 
hardened jaws will create unsightly damage. 


“History Brief 

Locking pliers were invented in 1920 and 
patented in 1924 by blacksmith William 
| Petersen of DeWitt, Nebraska. Peterson’s Vise- 
| Grip® pliers were used by American troops 
during World War II, and this wide exposure 
| caused sales to expand rapidly after the war. 


Locking pliers: A holding tool that combines a 
compound lever and a locking clamp to exert tremen- 
dous pressure on the object being held. 


Pipe vise: The most commonly used holding device. A 
vise has jaws that firmly grip the pipe, preventing the 
pipe from turning. 
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Groove-joint pliers Slip-joint pliers 


Figure 2-67. Groove-joint and slip-joint pliers are 
useful general-purpose holding tools. (CooperTools) 


Figure 2-68. Locking pliers exert extraordinary 
clamping pressure. 


Vises 


The pipe vise, Figure 2-69, is the most 
commonly used holding device. Its hardened 
jaws permit it to firmly grip the pipe, 
preventing the pipe from turning. Since the 
jaws will leave marks, the pipe vise is generally 
limited to use on pipe that will not be exposed 
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Figure 2-69. A pipe vise holds pipe for performing 
threading and other operations. (The Ridge Tool Co.) 


in the finished structure. A chain-type pipe 
vise, Figure 2-70, is also available. It serves the 
same purpose as the conventional pipe vise. 

A standard bench vise equipped with pipe 
jaws may be used to secure pipe for cutting and 
threading. Generally, this type is less satisfac- 
tory than a pipe vise. 


Hammers 


Two types of hammers, Figure 2-71, should 
be in the plumber’s toolbox. The carpenter’s 
hammer is used to drive or pull nails and to tap 
a wood chisel. The head is made of forged, 
hardened, and tempered steel. The claw may 
be straight or curved. The face may be bell- 


Figure 2-70. The chain-type vise serves the same 
purpose as a regular pipe vise. (The Ridge Tool Co.) 


A B 
Figure 2-71. Hammers. A—The curved claw carpen- 
ters hammer is handy for a variety of tasks. B—A ball 
peen hammer is particularly useful for driving punches 
and chisels. (CooperTools) 


shaped or plain. A ball peen hammer is often 
used to drive a cold chisel or a punch. 

Hammers are available in weights of 4-, 6-, 
8-, and 12-ounces, as well as 1, 14, and 2 
pounds. For heavier work, the 12-ounce or 1% 
pound is suitable. Lighter work is best done 
with a 4- or 6-ounce hammer. 


Chain-type pipe vise: Holding device that serves the 
same purpose as the conventional pipe vise. 


Bench vise: A metal-working vise with two jaws to 
hold objects, designed to be mounted to the top of a 
workbench. 


Carpenter’s hammer: Tool used to drive or pull nails 
and to tap a wood chisel. 


Ball peen hammer: A hammer designed to work with 
metal; it is often used to drive a cold chisel or a punch. 


Screwdrivers 


Several sizes and types of screwdrivers 
may be used by a plumber, Figure 2-72. Two or 
three small-or medium-sized straight and 
Phillips screwdrivers are essential. 

A 4-in-1 screwdriver generally has two 
straight and two Phillips blades. This screw- 
driver is convenient to carry; however, it may 
not be suitable for all tasks because the shank is 
larger in diameter than the smaller blades. As a 
result, the 4-in-1 may not fit into counterbored 
holes where screws are recessed. In addition to 
a set of small- to medium-sized screwdrivers, 
at least one large square-shank screwdriver is 
desirable to handle a variety of tasks. 


4-in-1 screwdriver: A convenient tool that usually has 
two straight and two Phillips blades. 
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C 


Figure 2-72. Screwdrivers. A—Straight blade screw- 
driver. B—Phillips screwdriver. C—4-in-1 screwdriver. 
(CooperTools) 
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Test Your Knowled ge 10. When selecting portable electric tools to 
make curved cuts in thicker (heavier) mate- 
Write your answers on a separate sheet of paper. = Se * an a 


Do not write in this book. 
T Zigzag is another name for a 
A. snake 
B. folding wood rule 
C. saber saw 


—— saw. 
A. circular; saber 

B. reciprocating; compass 
C. saber; reciprocating 
D. reciprocating; saber 


Be ee Cans saw yf}. A saw that can cut pipe in spaces too tight 
“2. Proper maintenance of a steel tape requires foraine aa ata p 


that it be kept clean, dry, and free from B. jab 
= B. uni l 
<3) The type of square that has a movable head C. >= -di 


and can be used to lay out both 45° and 90° D. compass 


angles is called a __ square. x12. List three tools that can be installed in a 
A. try : portable electric drill to bore holes in wood. 
ue sar panier 5 / When cutting galvanized or black iron pipe 
ai aneti with a hacksaw, a blade that has teeth 
4. The wax based marker used to mark pipe is ~ iia sal 
called B 10 
A. yellow keel © DA 
B. yellow crayon D. 39 


C. yellow magic marker 
D. soapstone 
P The term “plumb” means 
A. horizontal 
B. 90° angle 
Ô. vertical 
D. None of the above. 
6. What do you call the part of a level that 
contains the bubble? 
7. A(n) _____ level provides a digital readout 
of slope. 
£8) 8) The tool that has a pencil in one leg and is 
il for laying out arcs and circles is called 


x14. To correctly identify a file, the plumber 
must specify 

a A. cross-sectional shape 

B. coarseness 

C. kind of teeth 

D. All the above. 

Why is it necessary to ream the end of a 

pipe that has been cut with a pipe cutter? 
ie The purpose of applying cutting oil when 

threading pipe is to reduce and 


True or The minimum number of pipe 
wrenches required to assemble threaded 
pipe and fittings is three. 

18. The three basic types of pipe wrenches are 


compass 
. dividers 
C. protractor 
D. scratch awl 
' 9. True or false? For accurate work, the legs of 
either a compass or dividers must be equal 
in length. 


A. straight, strap, and chain 
(B) straight, end, and offset 
C. open, box, and adjustable 
D. straight, offset, and adjustable 
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(@9when replacing faucets, the wrench 22, Holding a pipe while it is being cut or 
is useful to turn the nut on the underside of threaded using hand tools is best done with 
the sink or lavatory that secures the faucet a ora 
to the fixture. A. locking pliers; chain type locking pliers 
A. adjustable B. bench vise; pipe vise 
® basin C. pipe wrench; tongue and groove pliers 
C. open end D. pipe vise; chain-type pipe vise 
D. monkey 

20. Drilling holes in concrete requires tools att 
different from those used for drilling wood. Suggested Activities 
Special twist bits, mounted in a rotary 1. Prepare a basic list of tools for a plumber 

drill will drill holes from ¥%” to 1” in who installs residential plumbing systems. 
diameter. | Study supplier catalogs or visit a local hard- 
A. hammer ware store to obtain specific information 
B deae about tools that the plumber could 
CE oe purchase. 
Deattset 2. Compare the amount of torque that can be 

l It is possible to drill holes up to 14” in dia- applied to a pipe or bolt with different 

/ meter through concrete as much as 14” length wrenches when a specified amount 
thick by using a , of pressure (weight) is applied to the 
EN wrench. The drawing, Figure 2-73, illus- 
B. rotary hammer drill trates a setup that could be used to conduct 
©) diamond core drilling rig the test. Several students could conduct the 
D. large portable electric drill same test using wrenches of varying 


lengths. The results can be reported in a chart 
similar to the one shown in Figure 2-74. 


Torque 
wrench 


Block clamped to 7” 


bench top with Ak Apply pressure 
top hole through it by tightening 
for eye bolt thumbscrew 


Figure 2-73. This setup will allow you to measure torque developed on wrench handle. 
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Torque Developed with an 3. Prepare a brief oral or written report on the 
i seni effect of one of the following on tool 
quality: 
A. Forging of the tool parts as opposed to 
casting. 
Heat-treating of the metal. 
High carbon content in steel. 
. High nickel content in steel. 
Cross-sectional shape of levers (han- 
dles) in tools. 


AO 


torque data. 


Leveling 
Instruments 


Objectives 
This unit introduces the builder’s level and the 
laser level. Plumbers use these two precision 
instruments to transfer heights accurately over 
long distances. 


After studying this chapter, you will be able to: 


e Explain the operation of the builder’s level 
and the laser level. 


e Use leveling instruments to find levels and 
properly slope drainage pipe. 


Technical Terms 


Builder’s level 
Surveyor’s level 
Base plate 
Leveling screws 
Horizontal motion 


Eyepiece focus 
Telescope 

Telescope focus knob 
Telescope level 
Horizontal circle 


screw vernier 
Horizontal motion Stadia rod 
tangent screw Rod 


Eyepiece 


When a leveling job becomes too large for a 
level, straightedge, chalk line, or square, a 


Builder’s level: Also called surveyor’s level, this tool 
mounts on a tripod and is used to check level and 
measure angles on the horizontal plane. 


different instrument must be used to maintain 
accuracy. Optical leveling instruments are 
designed for leveling over long distances. They 
operate on the principle that a line of sight is 
always straight; it does not dip, sag, or curve. If 
the line of sight is level, all points along the line 
are the same height. Measurements can then be 
made relative to the line of sight. 


History Brief 


The earliest American-made surveyor’s 
level in the Smithsonian collection was made | 
by Benjamin Rittenhouse about 1785. The 


level was owned by the chief surveyor of the 
Potowmack Canal Company, George Gilpin, 
and probably used during the construction of 
canals designed to improve navigation on the 
Potomac River. 


Builder’s Level 


The builder’s level, or surveyor’s level, 
mounts on a tripod and is used to check level 
and measure angles on the horizontal plane. It 
can be swung 360° to the left or right, but does 
not move from the horizontal position. 

The builder’s level is very useful when 
installing sewer and septic tank lines. Since it 
can locate distant points that are level, it may 
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also be used to measure the elevation differ- 
ence between two distant points. 

The parts of a builder’s level are labeled in 
Figure 3-1. The instrument is mounted to the 
base plate, which attaches to the tripod. 
Turning the leveling screws adjusts the hori- 
zontal level of the instrument. The horizontal 
motion screw holds the builder’s level in any 
horizontal position, with fine position adjust- 
ments made by using the horizontal motion 
tangent screw. The operator looks through the 
eyepiece, which houses the horizontal and 
vertical cross hairs. The eyepiece focus is used 
to bring the horizontal and vertical crosshairs 
into clear focus. Adjust the focus of the 
telescope to suit the operator’s eyesight by 
turning the telescope focus knob. The telescope 
level is a bubble level that can be a tube or 
circular vial, Figure 3-2. The horizontal circle 
vernier is marked in degrees and allows meas- 
urement of horizontal angles. 

A stadia rod, or rod, is a long graduated 
stick used with the builder’s level to find eleva- 
tions. See Figure 3-3. The graduations are 
marked in feet, inches, and fractions of an inch. 
The rod rests vertically on the elevation to be 


Telescope 


Telescope level 


Horizontal circle vernier 


Base plate ———» 


B- Telescope focus knob 


Figure 3-2. A builders level may have either a circu- 
lar or tubular vial bubble level. 


measured, and a marker slides up and down 
recording the height sighted through the 
builder’s level. 


Setting up a Builder’s Level 


The builder’s level must be set up before tak- 
ing readings. Proper setup is necessary to 
ensure accurate measurements. 


Eyepiece 


4 


Horizontal motion 
tangent screw 


Eyepiece focus 


Horizontal motion screw 


Leveling screws 


Figure 3-1. A builder's level is a precise measuring instrument used to establish heights (elevations) of piping at 


high and low points. (CST/berger) 


1. Set the feet of the tripod firmly into the 
ground. Once the tripod is set, be careful not 
to touch or jar the legs. 

2. Attach the builder’s level to the tripod. 

3. Align the telescope over two opposing level- 
ing screws and move them in opposite direc- 
tions until the bubble in the telescope level is 
centered. See Figure 3-4. 

4. Rotate the telescope until it is aligned with 
the second set of leveling screws. Again, 
rotate the screws in opposite directions until 
the bubble in the telescope level is centered. 

5. Repeat steps 3 and 4 once more to make 
certain that the equipment is level. Adjust the 
leveling screws until the instrument remains 
level in all positions that it is rotated. 

Once the adjustment is completed, take care 
not to disturb the instrument. To ensure that the 
instrument is reading correctly, periodically recheck 
the level. An automatic level, shown in Figure 3-5, 
is self-leveling and eliminates this step. 


Base plate: Foundation on which the builder’s level is 
mounted. 


Leveling screws: Used for adjusting the horizontal 
level of the builder’s level. 


Horizontal motion screw: Component that holds the 
builder’s level in any horizontal position. 


Horizontal motion tangent screw: Element that 
allows fine position adjustments to be made on the 
builder’s level. 

Eyepiece: Component of the builder’s level through 
which the operator looks. The eyepiece houses the 
horizontal and vertical cross hairs. 

Eyepiece focus: Part of the builder’s level that is used 
to bring the horizontal and vertical crosshairs into 
clear focus. 

Telescope: Part of the builder’s level that must be 
aligned over two opposing leveling screws. 

Telescope focus knob: Part of the telescope that is used 
to adjust the focus of the telescope to suit the oper- 
ator’s eyesight. 

Telescope level: A bubble level that can be a tube or 
circular vial. 

Horizontal circle vernier: Component of the builder’s 
level that is marked in degrees and allows measure- 
ment of horizontal angles. 

Stadia rod: A long graduated stick used with the 
builder’s level to find elevations. 
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Figure 3-3. A stadia rod or a folding rule can be used 
to make measurements. The stadia rod marker pro- 
vides a target for the builder's level. (CST/berger) 
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Figure 3-4. Move the leveling screws on a builder's 
level in opposite directions to adjust. 


Figure 3-5. An automatic level is self-adjusting to 
maintain a horizontal line of site. (CST/berger) 


Reading Elevations with a 
Builder’s Level 


Using a builder’s level to measure elevations 
requires a two or three person crew. One person 
places the rod at the measurement location and 
another person operates the level. Once the 
builder's level has been set up: 

1. One person must hold the rod at the desired 
distance or location. 
2. Rotate the adjusting knob on the telescope 

until a reading can be made, Figure 3-6. 


Horizontal 
crosshair 


Vertical 
crosshair 


Figure 3-6. The appearance of the stadia rod, as 
seen through the telescope of a builder's level. 


3. Note the crosshairs that appear in the sight. 
The vertical crosshair helps align the rod. 
The measurement is incorrect if the rod is not 
vertical. The rod should be parallel to the 
vertical crosshair. 

4. The horizontal 
elevation. 


crosshair indicates the 


Example: Trenching 


To demonstrate how this tool is used, 
consider the installation of a sewer branch line 
connecting a new house to the sewer main, 
Figure 3-7. The branch line from the house 
and the tap into the sewer main have been 
installed. 

To lay out the trench for the branch line: 


1. Set up the builder’s level at a location 
where all points along the trench are visible 
and far enough away from the activities in 
the work area. 


2. Read the elevation at the branch outlet. As 
shown in Figure 3-6, this reading is 8’-6”. 
3. Read the elevation at the base of the sewer 

tap. This step produces a reading of 10-6”. 
4. Compute the rate of fall required in the 
branch line, as shown in Figure 3-8. 


5. As the trench is dug, check the depth by 
taking a reading on the rod. For example, 
the reading from the bottom of the trench 
should be 8’-9” at a distance of 6’ from 
the house. In 6’ of run, the trench should 
fall 3”. 


6. When the trench is complete, lay the pipe 
and check the elevations. 
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Stadia rod 
Branch from house 
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Level and 
tripod 
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Figure 3-7. The first step in installing a branch sewer line is to sight through the level, finding the difference in 
height between the branch from the building and sewer tap. 


in industry to cut materials. The other laser 
emits low wattage light. 
While the light beam emitted by a laser 


| Code Note 


| Pipes passing under or through a founda- . 
| tion or footing must be protected from break- | level will not cause instant injury to humans, 


| age and corrosion. long-term exposure to the laser light may cause 


eye injury. Therefore, OSHA requires that: 
e Laser equipment be installed, adjusted, and 


Laser Levels operated by qualified and trained 


employees. 


A laser is an instrument that amplifies, or 
strengthens, light and projects it as a thin beam. ° Employees who may be exposed to laser 
Two principal laser types have been developed. light greater than 0.005 watts (5 milliwatts) 
One type is usually operated in the course of wear proper eye protection. 
scientific research or under controlled conditions 


Second reading 10-6” 


First reading a a0” 
Difference in elevation = 2-0” 
Difference in elevation SRAC ofall 


Length of run 


coui = a = 1/2” fall/foot of run 
48-0” 24 


Figure 3-8. Simple mathematics is used to compute the rate of fall on a branch line. 
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e Beam shutters or caps be used when left 
unattended. 
e The laser be turned off when not is use. 


Pipe Laser Levels 


A pipe laser level can be used for storm and 
sanitary sewer and gravity flow pipeline layout 
and installation. Plumbing contractors can use 
this alignment technique by laying pipe along 
the thin beam of light. In this application, the 
pipe laser level offers quick setup and often 
only one operator is required to complete the 
alignment. The laser beam is projected from the 
unit to a target that helps in the alignment 
process, Figure 3-9. Basic entry buttons and a 
digital readout screen add to the benefits of this 
instrument. The common working distance for 
a pipe laser level is 400’. 


Aligning Pipe Using a Pipe 
Laser 
To align pipe using a pipe laser level, refer to 
Figure 3-10 and perform the following: 
1. Mount the pipe laser level inside a large pipe 
or manhole. 


Pipe laser level target N 


N Digital readout 


Entry buttons 


Figure 3-9. A laser level can be used to establish the 
slope in sewer pipe. (CST/berger) 


2. Level the unit in reference to a previously 
established grade stake. Then, enter the 
desired slope for the pipe. 

3. Project the laser beam through the inlet of 
the pipe or tile. 

4. Place a beam target at the end of the pipe. 

5. The target is aligned with the beam inside the 
pipe and should be removed after each pipe 
is placed in position and aligned. 

6. Pipes are aligned when the laser beam hits 
the center of the target. 
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Figure 3-10. A laser beam is projected through the sewer tile until it strikes a target placed at the end of the pipe. 


This is repeated as each section of pipe is laid. 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 
1. Name the part of the builder’s level that 
performs each of the following functions: 
Supports the level. 
Horizontally adjusts the pedestal. 
Focuses the telescope. 
. Helps surveyor check the vertical align- 
ment of the rod. 
E. Indicates where the reading should be 
made. 
£2. Review the problem illustrated in Figure 3-7. 
If readings taken at the first position and 
the second position are 9-0” and 12’-4” 
respectively, what is the rate of fall if the 
___Sewer main is 160’ from the house? 
3. Refer to Figure 3-7 and assume that the 
~~ reading at the branch tap is 12’-3”. If the 
M house foundation is 40’ from the branch tap 
and a slope of 1/4” per foot is maintained, 
the second reading should be . Show 
all of your calculations in a neat, orderly 
,~ fashion and indicate units of measurement. 
(4. Why is it important that a sewer line not 
A sea slope? (Select the best answer.) 
à Sediment tends to collect at points 
where slope changes. 
B. Less pipe is required to run a straight 
line. 
Ge Pape joints fit better. 
eS OSHA requires that laser equipment be 
‘installed, adjusted, and operated ____ 
A. only outside of buildings 
B> by qualified and trained employees 
C. for less than 4 hours per working day 
D. only when it is not raining 
OSHA requires that employees who are 
exposed to laser light greater than ___ 
wear eye protection. 
A. 1 milliwatt 
B. 2 milliwatts 
© 5 milliwatts 
D. 10 milliwatts 
7. Laser levels can be powered by ___. 
A. 12V storage battery 
B. 240V alternating current 
C. 2 D cell batteries 
D. gasoline 


INE p 
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8. When using a laser level, a self-aligning 
is placed inside a pipe to check pipe 
alignment. 
A. level 
B. beam 
C. target 
DS raler 
9. The leveling laser beam usually remains 
sufficiently concentrated to align pipe span- 
ning distances up to 
AL 200° 
B. 400’ 
C. 600’ 
D. 800 
10. When using the laser to align small diam- 
eter pipes, it is necessary to mount the laser 


. directly on the pipe 
on its side 

on a flat base 

. ona tripod 


JAWS 


Suggested Activities 


The following activities should be performed in the 
order indicated. 

1. Working in groups of two or three, set up a 
builder’s level and tåke readings at a series 
of points. Record the readings on a chart. 
Compute the difference in elevation of each 
of these points from the predetermined 
elevation. 

2. Transfer a known elevation from one point 
to another. Using the known elevation 
(bench mark) as the reference point, 
transfer this elevation to a stake driven at 
least 30’ from the bench mark. 

3. Given two points of known elevation, one 
near a structure and one near a sewer main: 
A. Determine the rate of fall of a branch 

sewer line between the two points. 

B. Insert a row of stakes 2’ from the 
proposed excavation and spaced at 4’ 
intervals. The tops of all stakes should 
be 5’ (or a distance your instructor may 
specify) above the bottom of the trench 
to be dug. 
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To properly compute and measure the slope for a drain line, the plumber 
must be able to use measuring instruments such as a laser level (top) and 
a builder's level (bottom). (CST/berger) 


Mathematics for 
Plumbers 


Objectives 
This chapter reviews the basic mathematics 


likely to be needed by the plumber. 
After studying this chapter, you will be able to: 


e Read a rule accurately to nearest 4c”. 


e Add and subtract fractions and whole 
numbers. 


e Compute pipe offsets using the Pythagor- 
ean theorem and trigonometric functions. 

e Apply the formulas for finding area and 
volume. 

e Explain and apply SI metric measure in find- 
ing length, area, volume, and temperature. 

e Convert customary measure to metric 
measure. 

Plumbers need to make accurate measure- 
ments and calculations. They need to add and 
subtract dimensions, compute pipe offsets, and 
determine the volume of tanks. This chapter 
will provide the basic information needed to 
master these skills. In addition, metric meas- 
urement is introduced. 


Technical Terms 


Pythagorean theorem 
Trigonometric 
functions 


Laying length 
Plumbers’ rule 


Measurement 


The basic measuring tools used by the 
plumber are the folding rule and the steel tape. 
Whichever is used, the scale printed on the tool 
is the same. Figure 4-1 illustrates how the 
basic scale is divided into parts of an inch. 


Reading Fractions of 
an Inch 


Reading a rule accurately and quickly 
requires careful attention to the markings on 
the scale and some practice. The lines marking 
the scale vary in length. The longest lines are 
the inch divisions. The shortest lines indicate 
sixteenths of an inch. Figure 4-2 gives several 
examples. 

To prevent costly errors, recheck each meas- 
urement before cutting materials. The reduced 
waste in both time and materials makes this 
procedure worthwhile. 

Reading a scale accurately to the nearest “6” 
is easy if the %” divisions are used as a starting 
point and the smaller parts of an inch are 
added to or subtracted from the larger divi- 
sions to get the correct reading. See Figure 4-3. 
This method is much faster and more accurate 
than attempting to count the number of spaces. 
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Inch dimensions 


Y2” dimensions divide each 
inch into two equal spaces 


4” dimensions divide each 
inch into four equal spaces 


Ye” dimensions divide each 
inch into eight equal spaces 


“ie” dimensions divide each 
inch into sixteen equal spaces 


1 2 


Figure 4-1. Reading a standard rule accurately and quickly is a skill that every plumber must master. Study the 
fraction above to fix the division of an inch firmly in your mind. 


4 Vo" 


23/,” 


1 2 3 4 


Figure 4-2. Learn to recognize each scale marking by length and position. 


DY, A Wade 
= 2/6" + Ve” = 2'6” 


oY" = he” 
= 26" — Ve" = 27/6” 


2 
MA oe ane 
= 1%60" + Ye” = 16” 
Figure 4-3. Reading “%-” intervals is easier if you 


count from the nearest %” dimension and add or sub- 
tract spaces. 


2% + 2/6" = 


Denominator 


Fractions can be added only when the denominators 
are equal. From Figure 4-1, it can be seen that 

3%” = %6”. Therefore, the above problem can be 
rewitten as: 


Numerators 
2546” + 216” = 


Adding fractions is acomplished by adding 
numerators. The denominators remain unchanged. 
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Adding and Subtracting 
Lengths 


Frequently, you will need to add two 
lengths that are given in fractions of an inch. 
Figure 4-4 illustrates direct addition by 
putting two scales together. It also shows how 
to add measurements given in fractions. 

Subtracting dimensions given in fractions 
of an inch is another skill you will need. The 
procedure, shown in Figure 4-5, is nearly iden- 
tical to that for addition. Note that the fractions 
must have common denominators before they 
can be subtracted. 

When the denominators of the fractions are 
not the same number, the procedure shown in 
Figure 4-6 must be followed. The fractions 
must be converted to equal fractions having 
common (the same) denominators. Each 
numerator must be increased the same number 
of times as its denominator to make it equal to 
the original fraction. 

To solve some problems involving the 
subtraction of fractions, it is necessary to 


245" + 20" = 50” 


1 2 


Ane | 


4 5 6 


In this case: . Numerator 
he” + he” = he” 
Denominator 


Since the numerator is larger than the denominator, 
the fraction is greater then one (sixteen 1/16s = one). 
Therefore: 


aha = Se + Ace = (Ae 


Returning to the original problem: 


2%” + 2e = 
Step1 2%” + 2'%e” = 
Step2 2 +2° + M” = 


Step3 2+3 + A” =5%e” 


Figure 4-4. You can add two or more dimensions by laying off the lengths on a scale. However, another way, 
shown above, is to add the dimensions together using mathematics. 
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53” —4Y4" = 


534” 


Subtracting the numerators of the fractions 


produces the following results: 
534” — 44" = 24” 


Subtracting the whole numbers gives: 


54” — AV = 1%” 


Now, %4” can be written in a simpler, reduced form: 


BY" — AYA" = 112" 


Figure 4-5. Dimensions can be subtracted using the same methods shown in Figure 4-4. 


62" — 4% 6” = 


1 2 3 


When the denominators of the fractions are 
unequal, the fractions must be changed to equal 
fractions having common (equal) denominators. 
From Figure 4-1, it can be seen that 2” = %6”. 
Therefore, the above problem can be written as: 


66” — 4⁄6” = 


| | | ayer 
2 3 4 


Subtracting the fractions produces the following results: 


6%6” — 46” = Se” 


Subtracting the whole numbers completes the problem: 


636” — 46" = 26” 


Figure 4-6. Method of subtracting dimensions given in fractions of an inch and having unequal denominators. 


borrow from the whole number. This proce- 
dure is described in detail in Figure 4-7. 
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History Brief 


The earliest record of the term plumber 
being used is traced to the Roman Empire. 
Plumbum is the Latin word for lead, and 


Plumbarius means worker in lead. Since lead 
was used to make pipe and many fixtures, the 
term plumber was an appropriate name for the 
trade. 


Converting Feet to 
Inches and Inches to 
Feet 


It is often necessary to change dimensions 
given in inches to equal dimensions in feet and 
inches. Since there are 12 inches in a foot, this is 
done by dividing dimensions given in inches 
by 12, Figure 4-8. 

Feet can be changed to inches by multi- 
plying the number of feet by 12 (the number of 
inches in a foot). 


31" az 15⁄6” = Be 


1 2 3 


Converting the fractions to equal fractions with 
common denominators makes it possible to write 
the problem as: 


376” — 156” = 
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Since “ec” is greater than %c” it is not possible to 
subtract. By borrowing one from the whole 
number 3 and changing the 1 to its fractional 
equivalent in sixteenths, the problem can be 
written as: 


2+ ("Ae + 76)” — 16” = 
Simplified, the problem becomes: 
26" — 16” = 
Subtracting the fractions gives: 
2'%s" — he = _ ie" 


Subtracting the whole numbers completes the 
problem: 


2e —1%6" = TAs 


Figure 4-7. When subtracting dimensions given in fractions of an inch, you can borrow from the whole number. 


52 Inches = Feet 


Since 12” equals 1’, 12 is divided into 52: 


4 
12152 
48 
4 


The answer is written: 
4-4” 


Figure 4-8. Method of converting inch dimensions to 
feet. 


Computing Pipe 
Offsets 


The illustration in Figure 4-9 presents a 
typical pipe offset problem. Two parallel pipes 
must be joined by a short length of pipe 
running at a 45° angle. Determining the length 
of the short piece of pipe can be difficult unless 
the right mathematical formulas are used. Two 
different techniques for finding the length of 
the diagonal pipe will be discussed. 


Pythagorean theorem: Formula that states that the 
square of the hypotenuse (side opposite the 90° angle) 
of a right-angle triangle is equal to the sum of the 
squares of the other two sides. 


45° elbows A 
Figure 4-9. Typical pipe offset problem. Find /the 
length of the diagonal pipe. / 


Computing Pipe Offset: 
Using Pythagorean © 
Theorem 


In the first method, a formula is used for 
finding the length of one side of a right-angle 
triangle. Known as the Pythagorean theorem, 
this formula states that the square of the 
hypotenuse (side opposite the 90° angle) of 
a right-angle triangle is equal to the sum of 
the squares of the other two sides. Look at 
Figure 4-10. Note that the vertical distance 
between the parallel pipes is 10”. Since 45° 
elbows are being used, the distance is also 
equal to 10”. To compute the theoretical length 
of the diagonal pipe, the Pythagorean theorem 
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(AC)? + (BC)’ = (AB) 
(10} + (10)° = = (ABY 


100 + 100 = (AB)’ 
200 = (AB) 
V200 = AB 
AB = 14.14” 


Figure 4-10. To find the length of a pipe offset with 
the Pythagorean theorem, it helps to construct an 
imaginary triangle using the diagonal pipe as one side 
of the triangle. 


is used. Figure 4-11 illustrates the relation- 
ships between the lengths of the sides of right 
triangles. As long as the triangle has one right 
angle, this relationship remains unchanged. 

A difficult task when using the Pytha- 
gorean theorem is to compute the square root 
of a number. To make this less difficult, a table 
of squares and square roots has been provided 
in the Useful Information section of this book. 
A second problem is to convert decimal parts of 
an inch to fractions. A table for this purpose is 
also provided in the Useful Information 
section. Most hand-held calculators will make 
these calculations. When the theoretical length 
of pipe has been determined, it will be neces- 
sary to make an allowance for the actual 
dimensions of the fittings being used. These 
dimensions will vary depending on the size 
and type of pipe and fittings being installed. 
Refer to the Fitting Allowance table in the 
Useful Information section of this book. 


Computing Pipe Offset 
Using Trigonometric 
Functions 


In many cases, trigonometric functions are 
used to compute pipe offsets because of the 


(BC)? + (AC)? = (AB)? 
(3)° + (4)° = (5)° 
9+ 16 = 25 


Figure 4-11. The relationship of the length of the 
sides is shown by the squares constructed along the 
sides of the triangle. 


dimensions that are known. The two functions 
most likely to be used are the sine and the 
tangent. These functions give a mathematical 
relationship, or ratio, between parts of a 
triangle. They permit the plumber to find the 
length of a pipe if an angle and the length of 
one side of the triangle are known. Figure 4-12 
shows these ratios. 

Assume that a 45° elbow and a short diag- 
onal length of pipe are to be installed to connect 
the two parallel pipes shown in Figure 4-13. 
The sine function can be used to compute the 
length of the diagonal pipe. The value for 
the sine function is taken from the table in 
Figure 4-14. 

A more complete table is provided in the 
Useful Information section of this text. Again, 
note that this is a theoretical length. It must be 


Trigonometric functions: Mathematical functions, 
such as sine and tangent, that give the ratio between 
parts of a triangle. 


Opposite 
side 


Opposite side 
Hypotenuse 


Sine A = 


Tangent 


Opposite 
side 


Adjacent 
side 


Opposite side 
Adjacent side 


Figure 4-12. The sine and tangent ratios can be used 
to compute the length of pipe offset. 


Tangent = 


reduced by the laying length of the fitting. The 
laying length of the fitting is the amount the 
pipe must be shortened to make the assembly 
of pipe and fittings equal to the theoretical 
length. Laying lengths will be discussed in 
more detail in Chapter 19, DWV Pipe and 
Fitting Installation. 

The tangent ratio is useful when finding 
horizontal distances such as length AC shown 
in Figure 4-15. On occasion, the plumber may 
want to compute the distance to assist in the 
location of pipes. Some values for the tangent 
ratio are given in the table in Figure 4-16. A 
more complete table of tangent ratios is 
provided in the Useful Information section of 


Laying length: The amount the pipe must be short- 
ened to make the assembly of pipe and fittings equal 
to the theoretical length. 
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Pa 

“Ge | 

ae! 
Se Opposite side 
Hypotenuse 
Sine 45° = ae 
Hypotenuse 
= 
Hypotenuse 

10” 

Hypotenuse = 
7071 


Hypotenuse = 14.14” 


Figure 4-13. The sine and tangent functions refer to 
the size relationship of the parts of a triangle. Here the 
sine function is used to find the length of a pipe. 


Brief Table of Sine Ratios and Constants 


Figure 4-14. This table expresses the relationship of 
a known angle to the hypotenuse. It says, “If angle A is 
45°, the side opposite the angle is .7071 times as 
large as the hypotenuse.” 


this text. The theoretical distance computed 
must be adjusted to compensate for the laying 
length of fittings before the pipe is cut. 


Simple Methods for 
Computing Offsets 


Plumbers typically do not use the language 
of trigonometry when calculating offsets. 
Figure 4-17 illustrates the names commonly 
used. Note that offset and run will be equal if a 
45° offset is being fabricated. 
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Po | 10” 

Xx. 45° | 

Adjacent 

ite sid 
TangentA = Oppose Sue : 
Adjacent side 
Tangent 45° = a 
Adjacent side 
1.000 = a 
Adjacent side 

10 


Adjacent side = 
1.000 


Adjacent side = 10” 


Figure 4-15. Compute the horizontal distance 
between the ends of parallel pipes using the tangent 
ratio. 


Brief Table of Tangent Ratios 


angle’s adjacent side and its opposite side is 1:1. 
Therefore, the two sides are equal. 


Review Figure 4-13 noting that if the offset 
(opposite side) had been 1”, the travel 
(hypotenuse) would have been 1.414”. This 
value can be used as a constant to calculate the 
travel for any 45° offset because for every inch 
of offset the travel must be 1.414”. Figure 4-18 
gives an example of using the constant to calcu- 
late travel. Also, note that Figure 4-14 provides 
constants for common offset angles. 

For 45° offsets, it is possible to obtain the 
travel by measuring directly from the pipes 
with a plumbers’ rule. One side of the 
plumber’s rule is a standard U.S. customary 
ruler. The other side is an offset scale in which 


ye Offset 


Figure 4-17. A plumber commonly uses the terms 
travel, run, and offset. Compare these terms to the 
ones used in Figure 4-13. 


Travel = Offset x Constant 
Travel = 10” x 1.414 


Travel = 14.14” 


Figure 4-18. Calculating the travel for 45° offsets 
using a constant. 


the units are less than one inch; in fact, 1.414 of 
these units is equal to one inch, Figure 4-19. To 
use the 45° scale, measure as you would when 
measuring the run, except use the other side of 
the rule. 

It is important to remember that in all cases, 
travel (hypotenuse) is greater than the actual 
length of the pipe that must be cut. Fitting 
allowances must be subtracted from the travel 
to obtain the actual pipe length. Fitting 
allowances vary by size of pipe and are 
discussed in Chapters 19 and 20. 


Computing Area and 
Volume 


The surface area of a square or rectangular 
surface can be computed by multiplying the 
length times the width, Figure 4-20. However, 


Plumbers’ rule: A measuring device that has a stan- 
dard scale on one side and a scale for measuring the 
length of 45° offsets on the other side. 


Vie 4 
of 
fo 
FA 
d 
Runn n 
5” Run 


Standard English rule 


, 
INCHES q= (Stamey) C PLUMBERS) RULE SJ No 60-176 


45° Offset scale 7.07” Travel 


Figure 4-19. To determine the travel length, measure 
the run distance with the 45° offset scale. 


Area = Length x Width 
Area = 8’ x 4’ 
Area = 32 square feet 


Figure 4-20. This formula can be used to compute 
the area of a rectangular surface. 


computing the area of circles requires the use of 
one of two special formulas: 

Area = nr’ 

or 

Area = .7854d? 

These formulas read: “area equals pi times 
the radius squared” and “area equals .7854 
times the diameter squared.” 
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Pi is a mathematical ratio frequently used 
when making calculations about circles. For 
most practical purposes, pi can be assumed to 
be equal to 3.14. Figure 4-21 illustrates the use 
of the area formulas for circles. 

Volume of a rectangular tank is found by 
multiplying length, width, and height as 
shown in Figure 4-22. 

Finding the volume of cylindrical tanks 
requires the use of the formula: 


Volume = nr?’h 


This is read: “volume equals pi times the 
radius squared times the height.” Figure 4-23 
illustrates the use of this formula. 

After calculating volume in some conven- 
ient units of cubic measure, it may be necessary 
to convert the cubic units of measure to a 
volume measure, such as gallons. The most 
common conversion factors and examples of 
their use are given in Figure 4-24. English- 
metric conversion factors are provided in the 
Useful Information section. 


Area = nr 
ae Sie! 
r = Radius = % diameter 


Since the diameter is 8’, the radius is 4’. 
Therefore, 
Area = 3.14 x (4)? 
= 3.14 x 16 square feet 
= 50.24 square feet 


or 
.7854d° 

.7854 x (8)? 

.7854 x 64 square feet 
= 50.24 square feet 


Figure 4-21. Formula for computing the area of a 
circle. 


Area 
Area 
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Volume = Length (L) x Width (W) x Height (H) 


This formula is frequently written 
V =LWH 


Substituting the dimensions from the above drawing 
Vania x4 <6 
V = 288 cubic feet 
Figure 4-22. Determining the volume of a rectang- 
ular tank. 


Computing Slope of 
Lipe 

Horizontal runs of sewer and drain pipe 
must slope to permit flow and prevent 
blockage. Computing the total amount of slope 
for a horizontal run of pipe permits the 


builder’s level to be used to accurately position 
the run of pipe, Figure 4-25. 


Code Note 


Generally, horizontal pipe runs in sewers 
and drains are required to slope %” to ⁄4” per 
| foot of run. 


Volume = PI x Radius squared x Height 


This formula may be written: 
V=nrh 


Substituting from the above drawing: 

V=3.14 x (2’)? x 6’ 

V = 75.36 cubic feet 
Figure 4-23. Determining the volume of a cylindri- 
cal tank. 


Metric Measurement 


Some industries have adopted the metric 
system of measurement. Since many construc- 
tion trades, such as plumbing, are not involved 
in international commerce, there is less pres- 
sure for them to change. However, some 
fixtures, faucets, and valves are now available 
in metric sizes. 

The base unit of length measurement in the 
metric system is shown in Figure 4-26, along 
with comparable U.S. customary units. One of 
the chief advantages of using the metric system 
is the ease of changing from one metric unit to 
another simply by multiplying or dividing by 
multiples of 10. This is easier than using the 
various conversion factors required in the 
conventional inch-pound system. 

Unlike U.S. customary measure, where 
dimensions are often expressed in both feet 


Figure 4-24. Converting cubic inches and cubic feet to gallons. 
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Builder’s level 
or transit 


Line of sight 


E p 
slope p Inlet 
Outlet Flow 
Total slope = Slope per foot x feet of run 
= ie OO 
= 50⁄7 
= 6%” 


Figure 4-25. lf a 50-foot horizontal run of building sewer is to be installed, what is the total slope of the run if a 
slope of % inch per foot is to be established? 


and inches (2’-3”), the metric system does not œ Méillimeter—For very small measurements, 


mix its units. A distance of 2 meters and 3 such as certain pipe diameters and nut 
centimeters, for example, will be written as sizes. 
2.03 m or 203 cm, never as 2 m-3 cm. e Liter or the cubic centimeter (cm’)—For 


Common metric units that are used in 


plumbing are: liquid volume. 


e Cubic meter (m*)—For dry volume. 
ee ne. e Pascal—For pressure. One Pascal is equal to 


e Centimeter—For short distances. 1 newton per square meter. The newton is 


Meter 
Yard 
Foot 
Decimeter 
Inch Cenisia Millimeter 
Inch SELES IIE SRST RE parsa = H 
Actual oA Actual 


| 1” = 25.40 mm Example: 
| To convert aches to millimeters, multiply by 25.4 | eee x 25.4 


| aie saem 


| To convert inches to centimeters, multiply inches by 2.54 IOE 6 x 2.54 


« 


= 0.3048 m | 
To convert feet to meters, multiply feetby0.3048 29 | 8 = 3 x | 0.9144 mo | 


Figure 4-26. The above illustration compares relative lengths of metric and aCi units. 
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the metric unit for force. A newton is the converting between the U.S. customary and 
amount of force needed to accelerate a metric systems. The comparison of liquid 
weight of 1 kilogram one meter per second. measurements in the customary and metric 
systems is shown in Figure 4-28. 

The Kelvin (absolute) or the Celsius scale is 
easier to understand if seen with the familiar 
Fahrenheit. Figure 4-29 shows how tempera- 
tures from one scale can be converted to a like 
temperature on other scales. 


e Degrees Kelvin or degrees Celsius—For 
temperature. The degree Celsius is equal to 
1% Fahrenheit degree. Kelvin is in the 
Celsius scale and measures temperatures in 
the supercold range (-273° and up). 


Figure 4-27 illustrates the comparative dry 
volume measurements and provides factors for 


Cubic inch 
@ Cubic centimeter 


| Gallons : 74 cu. in. ; 3674 x .004 
Cubic feet 1677 cu. in. it. 4677 x .00058 
i Liters ; ). i 286 x .016 


| Gallons . cu. ft. = gal. 6.5 x 7.48 = 

| Cubic inches cunt = cu. in. 3 x 1728.0 = 

| Liters 1.5 cu. tt. = liters 1.5 x “Zana 

| Cubic meters A 27e ECU ft. = cu. meters 278 x .0281 = | 

- Cubic yards 5 ft. = = yare 


cu. yards 5687 x .037 


— — 


Figure 4-27. Metric and customary dry volume measurements and conversion factors. (Copyright by Polymetric 
Services, Inc., Tarzana, CA 91356) 


ala. |; 


Common Liquid Conversions 


rt gallons to liters 
y gallons by 3.785 
= liters = 6 x 3.785 = 22.71 liters 


quarts by 0.946 


EEs to liters = { 
___ liters = 3 x 0. 9465 2.838 liters 


Figure 4-28. Comparing common liquid measures. 
(Copyright by Polymetric Services, Inc., Tarzana, CA 
91356) 
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kas 
373.15 100 —— 212 


To convert from degrees 
Celsius to degrees Kelvin, 
add 273.15. 


Example: 
68:0 = °K 
68 + 273.15 = 341.15°K 


To convert from degrees 
Kelvin to degrees Celsius, 
subtract 273.15. 


Example: 

Sol) = °C 

351 — 273.15 = 77.00 © 
To convert from degrees 


Fahrenheit to degrees 
Celsius, subtract 32 and 


multiply by %. 
Example: 
200° E= cc 
(200 — 32) x % = 93.33°C 


To convert from degrees 
Celsius to degrees 
Fahrenheit, multiply by % 
and add 32. 


Example: 
75°C = i 
(46 x 75) 4732 = 167°F 


233.15 —— 40 


0 = -273.15—— -459.67 ———— 
Absolute zero 


Figure 4-29. Kelvin, Celsius, and Fahrenheit temper- 
ature measurement and conversion factors. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 

1. On a standard 6’ folding rule, the dimen- 
sions are labeled in inches beginning with 1 
and ending at 72. Give the equivalent inch 
dimensions for: 

A. 1’ 


zellen S A gs 
iR 


kaos 
' 2. Convert the following dimensions given in 
feet and inches to their equivalent in inches: 
A, 2-3” 
Ba Lo 
C. 4’-6” 
D. 6-3” 
Bo IA 
R SaM 
- 3. Convert the following dimensions given in 
inches to their equivalent in feet and inches: 
17” 

43” 

54%” 

a O 

sae 

mo 

4. Add the following pairs of numbers: 

As TA = ee 
B. 64+ 1% 
C. 1044+ 1% 
D. 18% + 1% 
ETP ET: 

5. Subtract the following pairs of numbers: 
A. 10% -1% 
B. 8%-1% 
C. 12%- % 
D. 16%- 1% 
E. 94-1% 

6. Given the dimensions shown in the 
drawing at the top of the next column, use 
the Pythagorean theorem to calculate the 
travel of the diagonal pipe required to join 
the two horizontal pipes. Show all your 
work in a neat, orderly fashion and indicate 
the unit(s) of measurement. 


mm Nw > 


10. 


11. 


15: 
16. 


16” | 
<<», 


. Given the dimensions shown in the drawing 


below, use the sine function to calculate the 
travel of the diagonal pipe required to join 
the two horizontal pipes. Show all your 
work in a neat, orderly fashion and indicate 
the units of measurement. 


24” 
SS 


. Given the dimensions shown in the drawing 


below, use the constant for 45° to calculate 
the travel of the diagonal pipe required to 
join the two horizontal pipes. Show all your 
work in a neat, orderly fashion and indicate 
the units of measurement. 


8” 
<—— 


. Compute the volume of a rectangular tank 


that measures 8’ long by 4’ wide by 10’ tall. 
How many gallons of water will the above 
tank hold if it is filled to a depth of 6’? 
What is the capacity, in gallons, of a cylin- 
drical tank that is 8’ in diameter at the base 
and stands 20’ tall? 


. If the sewer line shown in Figure 4-25 is laid 


using 10-foot lengths of pipe, what is the 
total slope per length of pipe? 


. Is a meter longer or shorter than a yard? 
. Is a cubic inch larger or smaller than a cubic 


centimeter? 

Is a quart smaller or larger than a liter? 

A meter is ____ times larger than a 
centimeter. 


ie 


18. 


ie, 


20. 


A centimeter is __—Ć— 
millimeter. 
Convert following U.S. customary meas- 
urements to metric: 
A. 18 inches = meter 
4 feet = meter 
. 10 inches = cm 
. 453 cubic inches = liters 

2.5 cubic feet = liters 
. 346 cubic feet = cubic meters 
Convert the following temperatures from 
degrees Celsius to degrees Fahrenheit. 


larger than a 


esl @iee 


ial 


A. 85°C = ei 
D C= oF 

C. -10°C = 2E 
D. 46°C = °F 


Convert the following temperatures from 
degrees Fahrenheit to degrees Celsius. 


A. 105°F = IC 
B. 46°F = C 
C. -24°F = Ae 
D. 


12°F = RE 
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Suggested Activities 


1. Practice measuring the length of various 


pieces of pipe using both the U.S. cus- 
tomary and the metric scale. 


. Calculate the actual length of pipe required 


for a variety of typical installations. Include 
fitting allowances. 


3. Compute the volume of a standard tank 


for water heating or other plumbing 
installations. 
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The plumber should be familiar with the operation and basic principles of all types of valves used in hydraulic and 
pneumatic applications. This large assembly is a backflow preventer used in fire sprinkler systems in commercial 
and industrial buildings. (Ames Division, Watts Regulator) 


Hydraulics and 
Pneumatics 


Objectives 
This chapter explains the nature of liquids and 


gases and illustrates their properties related to 
plumbing systems through practical examples. 


After studying this chapter, you will be able to: 


e Explain the characteristics of fluids under 
pressure in water systems. 


e Use the characteristics of gases in plumbing 
applications to develop better plumbing 
systems. 

e Apply practical methods of computing 
useful pressures, given the type and size of 
piping and the head pressures of water 
supplies. 

e Demonstrate undesirable characteristics of 
gases affecting incorrectly designed drain- 
age systems. 

The principles of hydraulics and pneu- 
matics explain many characteristics of water 
supply and drainage systems. A basic knowl- 
edge of these principles helps plumbers under- 
stand how plumbing fixtures and piping 
arrangements function. 


Technical Terms 


Hydraulics 
Pressure head 
Pneumatics 


Hydraulics 


Hydraulics is the study of the characteris- 
tics of fluids. The first principle of hydraulics 
explains why water pressure at the bottom of a 
tank increases as the depth of the water in the 
tank increases. 


Water Pressure 


A cubic foot of water weighs 62.4 pounds 
and exerts 62.4 pounds of pressure per square 
foot (psf) on the bottom of its container, see 
Figure 5-1. If a tank 1’ wide, 1’ across, and 2’ 
high is filled with water, the pressure on the 
bottom of the tank is 124.8 pounds per square 
foot. See Figure 5-2. 

The general formula used to find the pres- 
sure exerted by water of varying depths is 
presented in Figure 5-3. Note that the pressure 
is computed in pounds per square foot (psf). It 
is common practice to compute pressure in 
pounds per square inch (psi). Since there are 
144 square inches of surface area in a square 
foot (12” x 12”=144”), the formula shown in 
Figure 5-4 is modified to compute pressure in 
pounds per square inch. 

This same basic principle accounts for the 
increase in water pressure after installing a 
water tower as part of a municipal water 
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62.4 pounds 
exerted 
on base 


Figure 5-1. A cubic foot of water weighs 62.4 pounds 
and exerts 62.4 pounds of pressure per square foot on 
the base of its container. 


124.8 pounds 
exerted 
on base 


Figure 5-2. As the depth of the water increases, the 
pressure exerted on the bottom of a tank increases. 


P= 62.4%) 
P = Pressure per square foot 
D = Depth of the water in feet 


Example: What is the pressure per square foot on the 
bottom of a tank filled to a depth of 12’-6” (12.5 feet)? 
P = 62.4 x D 
=62.4 x 12.5 
= 780 pounds per square foot (PSF) 


The pressure at the bottom of the tank is 780 psf. 


Figure 5-3. The formula to compute the amount of 
pressure exerted by water of varying depths, in 
pounds per square foot. 


ea 
144 


P = Pressure per square inch 
D = Depth of the water in feet 


Example: What is the pressure per square inch to the 
bottom of a tank filled to a depth of 20’-9” (20.75 feet)? 


The pressure at the bottom of the tank is 9.00 psi. 
Figure 5-4. The formula to compute the amount of 


pressure exerted by water of varying depths, in 
pounds per square inch. 


supply system. If water is stored in a tower 
that is 100’ tall, the water pressure at the base 
of the tower can be computed as shown in 
Figure 5-5. Note that the water pressure avail- 
able to buildings on the same water supply 
system varies, depending on their elevation 
related to the water tower. 

Pressure in a water supply system is not 
just a downward force. If 65 psi of pressure is 
available at a faucet, 65 psi is exerted in all 
directions equally. When a valve or faucet is 
opened, the force of water flow is the same in 
any direction the valve or faucet points. 


Pressure Head 


Pressure head is the pressure available at 
some point in the water system. It is measured 
by the depth of a column of water, above the 
point where the measurement is taken. For 
example, the pressure head at the base of the 
water tower in Figure 5-5 is 100’. 

Scientific studies have proven that a col- 
umn of water 1’ high produces a pressure of 
0.43 psi. The illustration of the relationship 
between pressure head and pressure in 
Figure 5-6, presents a column of water that is 
2.31’ tall producing a pressure of 1 psi. 


Hydraulics: The study of the characteristics of fluids. 


Pressure head: The pressure available at some point in 
the water system. 


P= — xD 


= 43.33 PSI 
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Pressure at base of tower 


Pressure at house 
150’ below level of 
water in the tower 


p 2a 


Figure 5-5. Water pressure increases as the depth of water increases. 


For some calculations, pressure head or 
head loss is used instead of pressure or pres- 
sure loss. It is important that these two 
concepts be understood, so that calculations 
dependent on these measurements can be 
made correctly. 

In some cases, it is necessary to convert 
pressure head to pounds per square inch or 
pounds per square inch to pressure head. The 
formulas, and corresponding examples, for 
these conversions are illustrated in Figure 5-7. 


History Brief 
The 1906 payroll records of a Wisconsin 
| mechanical contracting firm indicate that the 
typical work week consisted of six ten-hour 
| days. The pay varied from 6 cents per hour for 
| apprentices, to 33% cents per hour for skilled 
| tradesmen. 


Prehonlilleoss 


You have just learned that water pressure is 
affected by elevation. The plumber must also 
consider the effects of friction on water pres- 
sure and rate of flow when designing piping 
systems. 

Water running through a relatively large, 
smooth pipe at low pressure has a smooth, 
streamlined flow. In contrast, water running 
through a rough, small diameter pipe at a high 
pressure has a turbulent flow. Streamlined flow 
produces little friction, while turbulent flow 
can produce considerable friction. 

Water pressure or pressure head is lost in 
overcoming friction. The friction in plumbing 
systems comes from two sources: 

e Water rubbing against the rough walls of 
the pipe. 
e Particles of water striking one another. 
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2.30" 


| L 


Gauge Gauge 
reading reading 
0.43 psi 1.0 psi 


Figure 5-6. The relationship between pressure head 
and pressure can be shown with columns of water and 
pressure gauges. 


The amount of pressure or pressure head 
lost due to friction has been determined for 
various kinds of piping materials. This infor- 
mation is contained in the graphs and charts in 
the Useful Information section at the back of this 
book. Notice that friction loss varies among 
different kinds of piping materials, even when 
diameters are the same. Consider the pressure 
head loss due to friction for the following types 
of 4” pipe, when the flow rate is 5 gallons per 
minute: 


e Schedule 40 plastic pipe: pressure head loss 
of 23.44’ per 100’ of pipe. 


e L grade copper pipe: pressure head loss of 
11’ per 100’ of pipe. 

e Standard galvanized pipe: pressure head 
loss of 40’ per 100’ of pipe. 


To convert pressure head of water to pressure measured 
in pounds per square inch: 

P=Hx.43 

P = Pressure (measured in psi) 

H = Pressure head (measured in feet of water) 


Example: How much pressure (psi) is exerted by a 
pressure head of 45 feet of water? 
P = H x 0.43 
= 45 x 0.43 
= 1935 PSI 
The pressure is 19.35 psi. 


To convert water pressure measured in pounds per 
square inch to pressure head: 
iS 2ss eer 


Example: How much pressure head is required to create 
a pressure of 80 psi? 
inl = 28 ole? 
=2.31x 80 
= 184.8 feet 
A pressure head of 184.8 feet is required. 
Figure 5-7. Calculations to convert pressure head to 
psi and psi to pressure head. 


This pressure head loss can be translated 
into a pressure drop by multiplying the head 
loss by the amount of pressure exerted from 
each foot of water depth. So, for every 100’ of 
4” Schedule 40 piping the water passes through, 
pressure is reduced by 10.07 psi (23.44x0.43). 
The loss with %” copper is only 4.73 psi 
(11x0.43). Galvanized piping, having a rougher 
wall surface, shows a loss of 71.2 psi (40x0.43). 

Friction created by fittings and valves must 
also be considered. As the following example 
shows, the effect of fittings and valves becomes 
extremely important when installing small 
diameter water piping. 

Tables of friction loss resulting from fittings 
and valves are provided in the Useful 
Information section of this book. This loss is 
expressed as an equivalent length of pipe 
composed of the same material. For example: 


e A% galvanized steel 90° elbow produces a 
friction loss equal to 2’ of 4” standard galva- 
nized pipe. 

e A %” copper 90° elbow produces a friction 
loss equal to 1’ of 4” copper pipe. 

Using the tables in the Useful Information 

section at the back of this book, compute the 

friction loss in the piping system shown in 

Figure 5-8. 
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What will be the head loss between 
the meter and this point? 


Notes: "di EAN, 1 e 
1. 1/2” standard galvanized pipe and fittings used throughout. 45 1 
2. Flow rate of 2 gpm is maintained. á al 


3. All elbows are 90° ells. 
4. All valves are globe valves. 


Solution 
1. 


Total length of 1⁄2” standard galvanized pipe. 


250’ + 9’ + 45’ + 40’ + 15’ + 1’ = 360’ 
2. 5-90° ells (5 x 2’ of pipe). = Ia 
3. 2—2 globe valves (2 x 15’ of pipe). = _30 
4. Total equivalent feet of 1⁄2” standard = 400’ 
a nd galvanized pipe 
< 5. At 2 gpm, the friction loss of 1⁄2” standard galvanized pipe 


Head at output to meter = 50 ft. 


is 7.5 ft. per 100 of pipe—7.5 x 4 = 30 ft. head loss or 
a loss of 12.9 psi. 


Figure 5-8. To compute the friction loss of a piping system, include the friction created by bends and valves. 


Water Hammer 


When water flowing through a pipe is 
suddenly stopped by closing a valve, consider- 
able force must be absorbed by the piping 
system to stop the flow of water. Being nearly 
incompressible, the weight and velocity of 
the water creates a large amount of force. The 
force is so great, it changes the shape of the 
object that is hit (the rapidly closing valve). 
Figure 5-9 illustrates how water hammer occurs. 

Water hammer frequently causes pipes to 
vibrate, creating considerable noise in the 
piping system. It is not uncommon for pipes to 
burst as a result of water hammer. The princi- 
ples of pneumatics apply in solving this 
problem. 


Code Note 
| Backflow of contaminants into the water 
| supply piping is prevented by an air gap or a 


| vacuum- or pressure-type backflow preventer. 
Without these devices, it is possible for con- 
| taminants to enter the water supply system. 


Valve open 


Flow streamlined 


Increased pressure causes pipe to expand and 
stretch within “o second after valve is closed. 


Valve closed 


Pipe returns to its original shape and size, forcing 
the water in the opposite direction and causing an 
area of reduced pressure near the valve. This cycle 
is repeated until the energy of the moving water is 
consumed by friction. 


Figure 5-9. The causes and effects of water hammer. 
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Pneumatics 


The study of compressible gases (usually 
air) is known as pneumatics. Air has common 
uses in plumbing systems: 


e The shallow well pump depends on air 
pressure to force water from a well. 


e The hydropneumatic water storage tank is 
commonly used to provide a reliable 
supply of water at a constant pressure. 


e Some devices use trapped air to cushion 
and absorb the energy of water hammer. 


All of these uses are discussed in Chapter 
11, Water Supply Systems. Pneumatics may 
also create some undesirable effects when air is 
trapped in water supply or drainage systems. 


Air Locks 


An upward bend in a low-pressure piping 
system is likely to allow air to accumulate in 
the bend, as shown in Figure 5-10. The air acts 
as a blockage in the pipe and either reduces or 
completely stops the water flow through the 
pipe. Because of this potential problem, 
upward bends should be eliminated on hori- 
zontal runs of water supply and DWV piping. 


Pneumatics of DWV 
Stacks 


The DWV piping system functions because 
gravity carries the wastewater down. Under 
normal conditions, both the sanitary and storm 
sewers are only partially filled with water. The 
remaining space is occupied by air. To illustrate 
the importance of selecting properly sized 


Trapped air 


Figure 5-10. An upward bend in piping can cause air 
locks that block the flow through the pipe. 


DWV piping and installing vents correctly, 
review Figure 5-11. This figure is a simple pres- 
entation of water discharged into the sewer 
system from two different DWV piping 
systems. The DWV system in Building A is 
correctly sized and installed. The DWV stack is 
large enough so that water discharged from a 
fixture does not completely fill the stack. 

The smaller stack in Building B causes 
water to travel through the DWV piping as a 
slug, much like a piston moves in a cylinder. 
The water traveling through the stack 
compresses the air ahead of it and may be 
forced out of traps on the lower levels of the 
building. In this case, sewer gas can enter the 
building through the unfilled traps. In Building 
B, the building drain is incorrectly installed 
below the normal flow line of the sewer main. 
The result is increased pressure in the building 
drain ahead of the slug of water. The trapped 
air must escape either by blowing through the 
water in the sewer main or by blowing back 
through the rushing slug of water. In either 
case, the flow of the sewage through the 
building drain is slowed. This reduced flow 
will cause trouble. Water that is stopped or that 
flows too slowly allows solids to settle, eventu- 
ally blocking a building drain. 


Pneumatics: The study of compressible gases. 
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Air enters to replace 
the small amount of 


air pulled along by Air rushes in to 
the water flowing fill the void behind 
| through the pipe the water 
C = Pipe completely | 
onaineor filled by water > and iloor 
s 
Slight increase in air pressure 
Me ahead of the water Re 
Building A Building B 
Pressure increases 
ahead of water 
1st floor 1st floor 
= 
Excessive pressure 
may force water 
from traps 
Basement u, Basement 
== Sewage enters main =a) 
l with little resistance J 
Traps remain 
filled with water 
Building drain 
Sewer Since entry to sewer main is below water, 
main considerable pressure will be created in 


the building drain 


Figure 5-11. The pneumatics of DWV piping systems. Building A shows a properly sized and installed system. 
Building B is incorrect. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1. A column of water 14’ tall exerts a pressure 


of on the bottom of its container. 
A. 6.0 psf 

B. 14 psf 

C, "87.agpst 

D. 873%6apst 


2. Acolumn of water 22’ tall exerts a pressure 


of on the bottom of its container. 
A. 9.46 psi 

Bs 22 psi 

C. 94.6 psi 

D. 1372.8 psi 


3. The pressure head available at the base of a 


50’ water tower is 
A. 

Ba SO 

Cys 

D. 100° 


4. The pressure available at the base of the 
tower in the previous question is psi. 


A. 18 

Be 215 

C. 4 

D. None of the above. 


=< 5. If a gauge attached to a hose bibb reads 35 
psi, the equivalent pressure head is 


A. 1.8’ 
B62 
C. Oe 
D. 81.4’ 


6. If the pressure head is 28’, a gauge would 


record the pressure as psi. 
A. 12.0 

B. 28 

C77 


D. 17472 


. The friction loss per 100’ of %” type M 


copper pipe is psi when the flow rate 
is 5 gallons per minute. Use the Useful 
Information section at the back of this book. 


DS 


. A 1” plastic 90° elbow has a friction loss 


equal to of 1” plastic pipe. Use the 
Useful Information section at the back of this 
book. 

AST 

BAG 

Caz 

D. 2’ %” 


Suggested Activities 
1. Assume that the pipes and fittings in Figure 


5-8 are 4” type M copper. Otherwise, no 
change has been made in the piping. 
Compute the head loss due to friction using 
the tables in the Useful Information section at 
the back of this book. 


. Repeat Activity 1 assuming that the pipes 


and fittings are 4” Schedule 40 plastic. 


Print Reading 
and Sketching 


Objectives 
This chapter introduces basic skills needed to 


read drawings and produce piping sketches. 
After studying this chapter, you will be able to: 


e Recognize the plumbing symbols and abbre- 
viations used in architectural drawings. 


e Recognize and interpret various kinds of 
plans. 


e Take dimensions off drawings in inches 
and feet. 


e Scale drawings using either an architect's 
scale or a rule. 


e Prepare two- and three-dimensional piping 
sketches. 


Technical Terms 


Scale drawing Plumbing plan 
Prints Electrical plan 
Blueprints Heating plan 
Plot plan Detail drawings 
Elevation drawings Specifications 
Floor plans Hose bibbs 


Foundation plan Cutting plane line 

The construction of a building is a complex 
undertaking. The size and shape of the struc- 
ture and all its parts are carefully drawn and 
printed on paper before any building activity 
begins. Everything should be planned. 


To keep the drawings to comparatively 
small sizes, inches or fractions of inches are 
made to represent feet. For example, ⁄” on the 
drawing may represent one foot of actual 
measure. Such a drawing is called a scale 
drawing. Use of the scale in preparing draw- 
ings will be explained later. 

The term prints is normally used when 
referring to construction drawings. These are 
actually copies of the original drawings. The 
originals may be drawings made by hand 
directly on paper, or on a computer using 
computer-aided drafting (CAD) program. 
Many sets of prints are made, so that building 
officials, contractors, the owner, suppliers, and 
tradespeople can have them as needed. 

Sometimes, the drawings are referred to as 
blueprints. This term describes a print made 
with a process that produced white lines on a 
blue background. This type of reproduction 
is seldom used today—most drawings are 
reproduced as black lines on a white paper 
background. 


Scale drawing: A drawing of any object that has been 
carefully reduced to a fraction of actual size so all 
parts are in the correct proportion. 


Prints: Copies of original construction drawings. 


Blueprints: A print made with a process that 
produced white lines on a blue background. 
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Plans and 
Specifications 


Drawings for a building (often referred to as 
a set of plans) will typically contain the following: 
e Plot plan describing the location of the 
structure on the lot. It may also indicate 
landscaping. 
e Elevation drawings showing the exterior 
appearance of each side of the building. 


e Floor plans detailing the room arrange- 
ment on each floor of the building. 


e Foundation plan describing the size and 
shape of footings and foundation walls. 


e Plumbing plan locating plumbing fixtures 
and, sometimes, describing the piping 
systems that serve the fixtures. 

e Electrical plan locating the service entry, dis- 
tribution (breaker) panel, outlets, switches, 
and light fixtures. 


e Heating plan describing the placement of 
the heating plant and the ductwork, piping, 
or electrical resistance wire as required by a 
particular heating system. 


e Detail drawings showing the construction 
of walls, stairs, doors, and windows. These 
are shown in the form of section views. 


For a small single-family residence, some 
of the drawings may be combined. For 
example, the location of electrical outlets, light 
fixtures, and plumbing fixtures might be 
included on the floor plan. A set of plans, in 
this instance, might contain no more than 
three or four 17” x 22” sheets. At the opposite 
extreme, set of plans for a large commercial or 
industrial building can consist of more than 
one hundred sheets. 

The ability to interpret drawings and speci- 
fications for a building is absolutely necessary 
if a plumber is to do his or her work correctly. 
In plumbing, as in all phases of construction, 
the adage “plan your work and work your 
plan” is very appropriate. 

The location of plumbing fixtures and the 
basic layout of the piping systems should be 
shown on the drawing for the building. It is 
the plumber’s responsibility to interpret the 


drawings and install the plumbing system 
according to the plan. 

Sometimes, plans are incorrect or modifica- 
tions must be made after the building has been 
started. Then, it may be necessary for the 
plumber to sketch changes. These sketches 
obviously must be good enough so that archi- 
tects, building inspectors, and other trades- 
people can understand them. Sketching is 
covered later in this chapter. 


‘Code Note 


lations (including remodeling of exieting piping 
systems), drawings that indicate the location, — 
nature, and scope of the work to be performed 
must be submitted. A plot plan, floor plan, and 
plumbing plan are generally sufficient to meet 
this requirement. The plot plan must show the 
location of the structure relative to the property 
lines and the location of the building sewer 
and the building water line. The floor plan 
/ shows room arrangement and must include 
the location of all plumbing fixtures. Separate 
piping drawings for the DWV and water supply 
piping may be necessary. 


pa 


Plot plan: A drawing that describes the location of 
the structure on the lot and indicates landscaping. 


Elevation drawings: A drawing that shows the exte- 
rior appearance of each side of the building. 


Floor plans: A drawing that details the room arrange- 
ment on each floor of the building. 


Foundation plan: A drawing that describes the size 
and shape of footings and foundation walls. 


Plumbing plan: A drawing that shows locations of 
plumbing fixtures and describes the piping systems 
that serve the fixtures. 

Electrical plan: A drawing that locates the service 
entry, distribùtion (breaker) panel, outlets, switches, 
and light fixtures. 


Heating plan: A drawing that describes the place- 
ment of the heating plant and the ductwork, piping, 
or electrical resistance wire as required by a particular 
heating system. 


Detail drawings: A drawing that shows the construc- 
tion of walls, stairs, doors, and windows in the form 
of section views. 


Preparing Specifications 


In addition to describing the shape and size 
of a building, plans must indicate the type of 
material and quality of the work to be 
performed. This information is given in a set of 
instructions called the specifications, or specs. 
The details set forth in the specifications are 
part of the contract between the plumber and 
the builder or building owner. They are 
binding on both parties. 

Specifications are carefully worded so that 
there is little chance for misunderstanding. The 
plumber should read them carefully before 
preparing a bid or signing a contract. 
Specifications should always: 
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e Describe materials to be used, giving sizes, 
quality, brand names, style, and identifica- 
tion numbers. 


e List all plumbing operations 
performed. 


to be 


e Refer all specifications to the detailed 
working drawings. 


e State the quality of work that is expected. 


Some specifications will be shown on the 
prints in the form of notes. These notes are just 
as important as any of the symbols, plans, or 
other items written into the specifications. 

Prints and specifications must be studied 
together to properly understand the job. The 
partial set of plumbing specifications shown in 
Figure 6-1 describes the type and quality of 


Piumbing Specifications 


1. General 
All provisions of the General Conditions and 
Supplementary General Conditions sections form a part 
of this section. 
2. Work included in this section 
a. DWV and connections to sewer. 
b. Hot, cold water, and gas piping. Hot water heaters 
and controls. 
c. Trim, valves, traps, drains, cleanouts, access plates 
and hose bibbs. 
d. Roof flashing for vent piping. 
e. Galvanized pipe downspouts, drains and 
connections to street. 
Garbage disposal in kitchen. 
Precast shower base. 
. Cutting, excavation and backfill for plumbing lines. 
3. Work not included in this section 
a. Kitchen equipment except as noted. 
b. Heating equipment. 
4. Permits, licenses and inspection 
The contractor shall pay for all plumbing and sewer 
permits. All work shall conform to the Plumbing Code of 
the City i 
5. Drawings 
in general, the drawings provided show the location and 
type of fixtures required. The contractor will be 
responsible for preparing any piping drawings required. 
The contractor shall verify piping drawings with the 
architect before beginning installation. 
6. Survey of site 
The contractor shall be familiar with the plans and 
specifications and shall have examined the premises and 
understood the condition under which he or she will be 
obliged to operate in performing the contract. 


Jam 


7. Excavation and backfill 
a. Excavate trenches for underground pipes to 
required depths. After pipelines have been tested 
and approved, backfill trenches to grade with 
approved materials, tamped compactly in place as 
specified under Earthwork Section. 
b. Boring for pipes shall be done by the plumber in 
such a way as to not weaken the structure. 
8. Water supply ; 
a. All water piping shall be new copper. Pipe sizes 
shall conform to the plumbing codes of the City of 


b. Provide hot water supply to all fixtures except water 
closets. 

c. Support piping from the building structure by means 
of hangers to maintain required slope of lines and to 
prevent vibration. 

9. Gas system 
All gas lines shall be black iron. 
10. Soil, waste and vent lines 

a. Complywiththe = 
Code as to size of pipe and fittings. 

b. All DWV piping shall be new Schedule 80 ABD 
plastic that is certified by the National Sanitation 
Foundation. 

11. Fixture schedule 

a. The tub Kohler No. K-515-F enameled tub, the 
shower base Swan No. 863-S. 

b. Water closets Kohler No. K-3475-FBA. 

c. Lavatories Kohler No. K2150-C vitreous china. 

d. Water heater A.O. Smith PGX 75 automatic gas fired. 

K 

a. 


Plumbing 


12. Kitchen equipment 
Furnish and install A.O. Smith No. 55VI sound- 


shielded disposer. 


Figure 6-1. Specifications indicate what the plumber is expected to do and describe quality of materials, fixtures, 


and work. 


Specifications: Instructions indicating the type of 
material and quality of the work to be performed. 
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pipe, fittings, valves, and fixtures to be 
installed. When this written information is 
interpreted in relation to the prints, the 
plumber will have a complete picture of 
the job. 

Figure 6-2 is a floor plan for a one-story, 
single-family residence. The floor plan may be 
difficult to interpret at first. To make it easier to 


DINING ROOM 
OAK FLOOR 


2" x6" JOISTS 


28-a 


understand the size, shape, and location of 
rooms, imagine that the roof and ceiling have 
been removed and that you are looking down 
into the house from above. 

When you study a floor plan, you should 
first learn the general layout of the rooms. 
Locate the kitchen, bathrooms, and utility 
rooms. Study each of these areas carefully to 
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Figure 6-2. Floor plans describe the size, shape, and arrangement of rooms. On this plan, metric equivalents are 
given for the U.S. Customary dimensions. Plumbing components are highlighted in color. (The L.F. Garlinghouse 


Co., Inc.) 


determine what plumbing is required in each. 
Then, study the plan for other areas that might 
require water supply or DWV piping. 

In this floor plan, the two bathrooms, 
kitchen, and utility room are close together. 
From the plan, the plumber can locate each of 
the major fixtures requiring drains. For 
example, a drain is needed for the kitchen sink 
and for three fixtures in each bathroom. Water 
supply piping is required for each fixture. In 
addition, cold water piping will supply the hot 
water tank and the hose bibbs (outside faucets 
that permit attaching a garden hose). 
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It is useful to study the foundation plan and 
the plot plan together. See Figures 6-3 and 6-4. 
These plans are helpful in locating sewer and 
drain piping. Note that the location of each of 
the plumbing fixtures is indicated on the plot 
plan. This is important because the house has 
no basement, so piping must be installed in the 
crawl space. The three brick piers (shown on 
the foundation plan) may affect where drain 
and supply piping can be installed. The plumber 
will have to work around these structures. 

Two other drawings useful to the plumber 
are the elevations, Figure 6-5, and the section 
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Figure 6-3. Foundation plan for the house shown in Figure 6-2. 
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Hose bibbs: Outside faucets that permit attachment of 
a garden hose. 
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Figure 6-4. The plot plan for the house shown in Figure 6-2. The location of various plumbing fixtures is indicated. 


view, Figure 6-6. The section view is what the 
dwelling would look like if it were sliced in 
two at the line marked “A-A” in Figure 6-5. 
This is called the cutting plane line. 

The section view indicates the vertical 
distances critical to the installation of DWV 
piping. Using this drawing, you can estimate 
the vertical height of vent stacks and determine 
the depth of the building drain and water 
supply piping. 

One detail drawing useful to the plumber is 
the kitchen cabinet plan, Figure 6-7. The type 
and location of the sink can be determined 
from this drawing. Other information will 
assist in locating the water supply and waste 
piping. For example, the window opening 
over the sink will affect the location of the 
vent stack. 


Dimensions 


Dimensions shown on architectural draw- 
ings are usually given in feet and inches. For 
example, a distance of 54 inches is commonly 
written as 4’-6”. The limits of a given distance 
are shown by extension and dimension lines, 
Figure 6-8. Note that the dimension line is 
unbroken and that it has an arrowhead, dot, or 
diagonal line indicating each end, Figure 6-9. 

When working from a set of plans, you 
often must add or subtract dimensions to 
obtain an unknown distance. Note that inches 
and feet are added separately, Figure 6-10. 
When the number of inches reaches or exceeds 
12, the answer is simplified by converting the 


Cutting plane line: Line that indicates where the plan 
view is cut for the section view. 
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Figure 6-6. Section view (Indicated as A-A on the front elevation in Figure 6-5). The original scale was %” = 1’. 
Reduction of the drawing brings it to approximately %” scale. 


118 Section 1 Introduction to Plumbing 


=, 
2I 


o" 


| WINDOW 
| SPACE 


: 
re 
i 


TOP SHELF HGT 


2 2 
c man T 2. of = 
Z se 


#- BUILT-IN COOKING TOP (MODEL $SU-40) & 
ue BULT-IN OVEN (MOOEL WO-—I6A) BY’ 
THERMADOR ELECTRICAL MFG CO 


KITCHEN 


5119 DISTRICT BLVD 
LOS ANGELES 22) CALIFORNIA 


- Ar REFRIG 
aa SE 
2) | ae n Ze] Ba 
es zi ig" a peri 
CABINETS DETAILS 


Figure 6-7. Kitchen cabinet details will help the plumber understand how to install the water supply and DWV 


piping systems. (The L.F. Garlinghouse Co., Inc.) 


inches to feet. Figure 6-11 illustrates how 
dimensions are subtracted. Adding and 
subtracting fractions was covered in Chapter 4. 
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Figure 6-8. The beginning and end points for a given 
distance on a plan are shown by extension and dimen- 
sion lines. 
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Figure 6-9. Arrowheads, dots, or diagonal lines are 
used to mark the ends of dimension lines. 


Symbols 


In writing, we use an alphabet of letters to 
construct words. In the same way, an architect 
uses a set of symbols in describing the shape, 
size, and materials used in a building. These 
symbols are a form of shorthand, since they are 
much easier to draw than an actual picture of 
the materials. Generally accepted symbols are 
shown in Figures 6-12 and 6-13. Refer to these 
symbols while looking at the partial set of plans 
in this chapter. This will help you understand 
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Figure 6-10. Steps used when adding dimensions 
given in feet and inches. 
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Figure 6-11. Steps used when subtracting dimen- 
sions given in feet and inches. 
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Figure 6-12. These symbols are used on drawings to identify plumbing fixtures, appliances, and mechanical 


equipment. 


how to read plans. For other construction 
symbols, see the Useful Information section. 

Abbreviations are used on plans to save 
space. Common plumbing abbreviations are 
shown in Figure 6-14. 


Scaling a Drawing 


Where only approximate dimensions are 
required, the plumber may find it helpful to 
“scale” the drawing rather than attempt to 
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Piping Symbols for Plumbing 


Drain or waste 
above ground 
Drain or waste 
below ground 


Piping Symbols for Heating 


—_f/-———_#4-—_ High-pressure steam 
—/——/—/— Medium-pressure steam 


a —— Vent — Low-pressure steam 
re SD Storm drain — FC Fuel oil supply 
ea ee COAT —— m Hot water heating supply 


Soft cold water 


Hot water 


- Sprinkler main 


Hot water heating return 


Piping Symbols for Air Conditioning 


k -_ 


Refrigerant liquid 


——O— O- Sprinkler branch RD - Refrigerant discharge 
and head 
mo con a —— Condenser water supply 


hn aemmne emona eee 


Fitting 
or valve 


Elbow—90° 


Elbow—45° 


Elbow— 
turned up 


Elbow— 
turned down 
Elbow— 
long radius 


Elbow with 
side inlet— 
outlet down 


Elbow with 
side inlet— 
outlet up 


Reducing 
elbow 


Sanitary T 


T 


T—outlet up 


- Compressed air 


Vacuum 


Sewer—cast iron 


Sewer—clay tile 


Sewer—plastic 


Type of connection 
Bell and 
spigot 


Screwed 


Soldered or 
cemented 


Fitting 
or valve 


T—outlet 
down 


Cross 


Reducer— 
concentric 


Reducer— 
offset 


Connector 


Y or Wye 


Valve—gate 


Valve—globe 


Union 


Bushing 


Increaser 


Condenser water return 


Chilled water supply 


Chilled water return 


Make-up water 


Humidification line 


Type of connection 


Screwed 


7 Bell and 
spigot 


Soldered or 
i cemented 


-+ eme} 


Figure 6-13. Piping and fitting symbols. Note that different symbols are used for fittings based on the type of 
connection to be made (screwed for galvanized or black iron pipe; bell and spigot for cast iron; soldered or 
cemented for copper, brass, or plastic). 


Plumbing Abbreviations 


Hot water MV 
Laundry tray LT 
; | Lavatory LAV. 


Medicine cabinet | MC 
Plastic PLAS. 


Dishwasher Plumbing PLBG. 


Water closet 
Water heater 
Water softener | WS 


| Hose bibb HB 


Figure 6-14. Plumbing abbreviations used on plans. 


calculate distances. Since all parts of a structure 
shown on an architectural drawing are propor- 
tionate to the actual size of the building, it is 
possible to use an architect’s scale, Figure 6-15, 
to determine an unknown dimension. Always 
refer to the title block on the drawing to find 
out the correct scale to use. See Figure 6-16. A 
less accurate method of scaling the drawing is 
illustrated in Figure 6-17. 

Scaling is not precise, but it can be useful 
when estimating the amount of pipe required 
for a particular run. Another useful aspect 
of scaling is that it can be used to check 


(mre 1 | is | 
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Figure 6-15. Part of an architect’s scale. Each division 
represents 1 foot. Fine markings to the left of “O” rep- 
resent inches and parts of inches. 
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Figure 6-16. When scaling a drawing, be sure to use 
the same scale at which it was prepared. This informa- 
tion can be found in the title block. 
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Scale 1” = 1-0” 

Figure 6-17. A tape or folding rule can be used to 
scale a plan, although it is less precise than using an 
architects scale. Top—On %” scale, each full inch 
equals 4’ and each %” equals 6”. Middle—lf scaled to 
%”, each inch of rule equals 2’. Each %” equals 3”. 
Bottom—On the 1” scale, an inch equals 1’. Each %” 
equals 3”. 


calculations and thus prevent errors. (Draw- 
ings presented in this chapter have been 
reduced in size to fit the book page. Therefore, 
they are not reproduced to scale.) 


Metric Dimensions and 
Scales 


Metric dimensions and scales have found 
limited use in the United States building 
construction industry. Some building compo- 
nent sizes have been converted to metric. 

Let us consider how the changes might 
affect the size of plumbing materials. For 
example, a 1” diameter pipe may be made to a 
24 or 26 mm diameter, or a %” pipe may become 
an 18 mm pipe. 

Regarding architectural plans, a decision 
will have to be made on which metric unit to 
use for drawings. Most countries use the 
millimeter for all drawings except plot plans. 
In plot plans, either the centimeter or meter is 
the unit used. 

Metric building plans are customarily 
drawn to a scale of 1 mm = 50 mm (%" actual 
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size). This is in contrast to the U.S. Customary 
(sometimes called “English”) scale of 4 inch = 
1 foot, which produces a drawing that is 
Ys" actual size. 

A point to remember is that, in the metric 
system, different units of measure are never 
mixed. For example, 1.3 m or 1300 mm is the 
correct form, not 1 m-300 mm. This is a depar- 
ture from the practice in U.S. Customary 
measure. For example, a dimension of 3 feet, 
6 inches appears correctly on a drawing as 
3’-6”, not as 3.5’ or 42”. 


Brief 
The Romans developed very elaborate — 
plumbing systems. By 52 A.D., they had built 
more than 200 miles of aqueducts to supply 
as much as 300 gallons of water per person 
each day to the city of Rome. Following the fall 
of the Roman Empire, early Christians 
denounced bathing as one of Rome’s Imperial 
vices. It was not until the 13" Century that 
even crude sanitary facilities were installed 
indoors in Europe. Even then, they were found 
| only in royal palaces and the castles of the 
wealthy and powerful. 


— 


Sketching Piping 
Installations 


Plans for residential structures generally do 
not include drawings showing water supply 
and drain/waste/vent (DWV) piping. To 
communicate piping information effectively, 
plumbers need to develop skill in sketching 
piping installations. 

Basically, there are three types of piping 
sketches. 


e The plan view sketch, Figure 6-18. 


e The two-dimensional 
Figure 6-19. 


e The isometric sketch, Figure 6-21, which 
gives the illusion of three dimensions. 


riser diagram, 


The riser diagram and the plan view are 
simpler to make than the isometric sketch. 
The riser diagram can be used successfully to 


Roop Live 


1'2" PLAS. 


Figure 6-19. A simple riser diagram of DWV piping. 


illustrate pipe runs that are basically in one 
plane. 

The steps in making a plan view sketch are 
illustrated in Figure 6-21. This type of 
sketching is frequently done on the job site. The 
sketch may be on the back of a set of plans, on 
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Figure 6-20. An isometric sketch of DWV piping. 


a piece of wood, or on a scrap of paper. The 
object is to communicate. Therefore, only the 
appropriate symbols and reasonable propor- 
tion need to be used in making the sketch. You 
should try to keep the sketch as neat as possible 
to communicate clearly. 

Isometric sketches are helpful in illustrating 
more complex piping systems. The basic 
element in isometric sketching is the isometric 
axis, Figure 6-22. As you learn to make 
isometric sketches, it may be helpful to think of 
vertical pipes always being drawn vertically on 
the sketch and all horizontal pipes being 
drawn at 120° angles to the vertical lines. Some 
people find preprinted isometric grid paper 
very helpful in making isometric sketches. 
Figure 6-23 illustrates how an isometric grid 
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| Drain enters 
| the building 
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Locate known points such as 
fixtures or ends of existing pipe 


Lightly draw pipe 


Indicate fittings with 
appropriate symbols 


45°. 
Darken lines and add notes after 
all modifications have been made 


Figure 6-21. Steps in making a plan view sketch. The 
color lines represent the outline of the building. 
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Figure 6-22. In an isometric axis, converging lines 
form angles of 120° or 30° from horizontal. 


can be used for a DWV piping drawing. The 
steps in making a simple isometric sketch are 
shown in Figure 6-24. 

To relate how an isometric sketch relates to 
a view of actual plumbing system, compare 


3" WAS. 


Figure 6-23. Sketching on isometric grid paper. 


Figures 6-25 and 6-26. A pictorial drawing of a 
residential DWV and water supply system is 
shown in Figure 6-25. In Figure 6-26, the same 
system is presented in isometric view. 
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Figure 6-24. Steps in making an isometric sketch. Color lines indicate the basic outline of the building, which may 
or may not be needed to make the drawing understandable. 


126 Section 1 Introduction to Plumbing 


Figure 6-25. A pictorial view of a plumbing system, such as an artist or drafter might produce. 
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Figure 6-26. An isometric view of the system shown in Figure 6-25, using line and fixture symbols. The drainage 
system has been separated from the water supply system. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 
1. Refer to Figures 6-2 through 6-6 to answer 
the following questions: 


A. 


g Of 


G. 


H. 


What fixtures are included in the 
smaller bathroom? 

How many hose bibbs are required? 
What type of sink is to be installed in 
the kitchen? 


. The water heater is located in the 


room. 

Assuming that the water supply pipe 
enters the building approximately three 
feet to the right of the front stoop, how 
many feet of pipe will be required to 
supply water to the hose bibb outside 
the utility storage room? 

The center-to-center dimension between 
the brick piers supporting the floor is 


The vertical height of the crawl space 
under the floor is 

The DWV piping for the structure is 
Schedule 80 


2. Sketch the correct symbol for each of the 
following: 


A 


m a M g el G O e 


Drain and waste piping above ground. 

Vent. 

Cold water. 

Hot water. 

90° elbow (bell and spigot connection). 

Reducing elbow (soldered connection). 

Concentric reducer (screwed connection). 


. Connector (cemented connection). 


Gate valve (soldered connection). 
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. What are the abbreviations for each of the 


following terms? 

A. Cast iron. 
Cleanout. 
Galvanized iron. 
. Hose bibb. 
Plumbing. 
Water closet. 

. Water softener. 


ais o el 


Suggested Activities 


1. Use a set of residential house plans and speci- 


fications to determine the type and quantity 
of plumbing fixtures required and the type of 
pipe and fittings necessary. 


. Using the same plans as in Activity 1, 


prepare an isometric sketch of the DWV 
piping system. This sketch should be made 
on isometric grid paper. Include appro- 
priate symbols for all pipe and fittings. 


. On the same grid, sketch the hot and cold 


water piping. 


. Study plans and specifications for the 


plumbing installations in a variety of struc- 
tures including large homes, shopping 
centers, restaurants, schools, and offices. 
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When working on overhead installations—especially in commercial and industrial jobs—plumbers often use 
portable scaffolding as a stable, safe work platform. (Werner Co.) 


Rigging and 
Hoisting 


Objectives 


This chapter examines the mechanical means 
and tools used to lift or hold heavy piping 
during installation. 


After studying this chapter, you will be able to: 


e Describe the types of rope that are suitable 
for use in mechanical lifting devices. 


e List other tools for hoisting and describe 
how they are used. 

e Demonstrate the methods of securing rope 
to piping. 

e Describe different types of ladders and 
explain how to use them safely. 


Technical Terms 


Manila rope Single (straight) 


American hemp rope ladder 

Sisal rope Extension ladder 
Cotton rope Stepladder 

Jute rope Stepstool 

Hoist standard Platform 

Lever hoist Articulated ladders 


Winch crane 


Plumbers engaged in residential and 
commercial work may need to raise or lower 
heavy pieces of pipe. They may also need to 
secure the pipe temporarily while pipe hangers 


are installed and fittings are connected. Vertical 
stands of pipe may need temporary support 
while joints are being completed. Such lifting 
and supporting can be safely done if the proper 
equipment is used. 


Ropes 


Ropes made of natural or synthetic fiber 
can be used for hoisting. Natural fiber ropes are 
used extensively in construction work. They 
vary in strength, depending on the quality of 
the fibers used in their manufacture. 

Manila rope, made from the fiber of a 
variety of the banana plant called abaca, makes 
the strongest natural fiber rope. Manila rope is 
sold in several grades that differ in strength 
and appearance, Figure 7-1. 

American hemp rope, is close to manila rope 
in appearance and is about 80% as strong as 
No. 1 manila rope. Sisal rope is about 60% as 
strong as No. 1 manila rope. Cotton rope and 
jute rope are only 50% as strong as No. 1 manila 
rope and, therefore, are not recommended for 
hoisting. 

Some types of rope are made from manu- 
factured fibers, such as nylon, rayon, Dacron”, 
and glass. These fibers are stronger than hemp. 
They also last longer because they resist rot and 
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: Yacht _ Highest quality i 
Strongest 
Very smooth appearance 


“Bott m 10-15 percent stronger than No. 1 
i No. 1 Standard high grade 


Very light in color 


Same initial strength as No. 1 
Loses strength more rapidly 


About the same initial strength as No. 1 
i Loses strength very rapidly 
Figure 7-1. Grades of manila rope. 
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deterioration. Manufacturers’ recommenda- 
tions should be followed when selecting and 
using rope made from synthetic fibers. Do not 
exceed the rated capacity of the rope. 


Handling Ropes 


Ropes are made from individual fibers that 
have been spun together, much like string or 
yarn. Fibers can be damaged through improper 
use. Natural fiber ropes should be kept dry 
because moisture hastens their decay. A wet 
rope should be hung loosely in an area where it 
can dry before it is used. 

Running rope over sharp edges causes the 
fibers to break and will eventually destroy the 
strength of the rope. Dragging a rope over 
concrete, gravel, and other rough surfaces will 
wear away the fibers and reduce the rope’s 
strength. These practices should be avoided. 

A frozen rope should not be used until it is 
thawed. Frozen fibers tend to break as the rope 
is flexed. 


Inspecting Ropes 


Inspect ropes frequently for damage. 
Surface inspection will reveal broken or worn 
strands. After checking the surface for damage, 
inspect the interior strands by twisting the rope 
in the direction opposite the way it was spun. 
This will open up and separate the strands so 
the interior fibers can be examined. 


Powder between the strands generally 
indicates excessive wear. Open multiple inter- 
nal strands to determine the extent to which 
the fibers are worn or have been broken. If 
damage is extensive, it may be necessary to 
replace the rope. Never use damaged rope for 
hoisting loads. 

The danger of a rope breaking under a load 
is much greater when the load is jerked or 
when obstructions temporarily stop the load 
from rising. This places excessive strain on 
the rope. 


Knots 


Using the proper type of knot and tying it 
correctly can make the difference between a 
load that is secure and a load that falls, causing 
injury and damage. Common knots are shown 
in Figure 7-2. Read the descriptions and warn- 
ings carefully. Select only knots that suit the 
purpose. 


History Brief 

The “spirit level? or bubble level, was 
invented in 1661. It consisted of a slightly 
curved, sealed glass tube that contained alco- 
hol and an air bubble. Individually made spirit 
levels were first used on telescopes and sur- 
veying instruments. Spirit levels began to be 
mass produced in the mid-19" century and 
found favor with carpenters and masons. | 


Manila rope: The strongest natural fiber rope, which 
is made from the fiber of the abaca plant. It is sold in 
several grades that differ in strength and appearance 


American hemp rope: A rope close to manila rope in 
appearance and about 80% as strong as No. 1 manila 
rope. 


Sisal rope: A rope that is about 60% as strong as No. 1 
manila rope. 


Cotton rope: Rope that is only 50% as strong as No. 1 
manila rope and not recommended for hoisting. 


Jute rope: A rope that is only 50% as strong as No. 1 
manila rope and is not recommended for hoisting. 
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Prevents unraveling; part of 
many other knots; reduces 
strength of rope. 


Overhand Knot Double Hitch 


Secures rope to small pipe 
or ring. 


Temporarily secures rope to 
ring or pipe; easily untied. 


Figure Eight Knot Slippery Ring 
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Joins two ropes of equal 
diameter; slips if rope is wet. 


Square Knot 


Secures rope to pipe or post. 


Killick Hitch 


Joins two pieces of rope of 


Secures rope to pipe or post; 
equal diameter. 


will not slip under load; loosens 
easily when load is removed. 


Single Carrick Bend Timber Hitch 
Joins two ropes of different Secures rope to pipe or post. 
diameters. 

Sheet Bend Clove Hitch 


Joins ropes of different 
diameters. 


Double Sheet Bend 


Releases easily by pulling of 
end of rope. 


Slippery Hitch 


Secures a rope at a stake. 


Renu % 


Slip Knot Marlin Spike Hitch 


} For lowering heavy loads; friction 
between rope and pipe enables 
worker to lower the load slowly 
and stop quickly, if necessary. 


' Snubber 


For tying bundles that can be 
compressed; extra twist holds 
while second loop is formed. 


Surgeons’ Knot 


For shortening a rope without 
cutting. 


5 For shortening a rope without 
Stier cutting. 


"ar 


Flemish Eye Knot Sheep Shank 


Figure 7-2. Knots commonly used to secure ropes. 
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Hoisting Devices 


A hoist standard, Figure 7-3, attached to a 
scaffold permits loads to be lifted by a person 
standing at the base of the scaffold. A rope is 
run through the hoist’s wheel to lift the load. 
The top of the hoist standard can be rotated, 
permitting the load to be swung over the scaf- 
fold platform for loading and unloading. 
Simple, rapid operation without the need for 
an electrical connection is an advantage of this 
device. Attaching a bucket to one end of the 
rope allows fittings, tools, and supplies to be 
raised to a co-worker on the scaffold. This prac- 
tice is much safer than attempting to carry 
these items while climbing the scaffold. 

A lever hoist, Figure 7-4, will lift or pull 
much heavier loads than a hoist standard. The 


Top rotates 


Attaches to 
scaffold = 


Figure 7-3. A hoist standard provides a convenient 
and safe way to raise and lower materials to a scaffold 
platform. A heavy rope is fed through the pulley. 


Figure 7-4. A lever hoist will lift or pull heavy loads 
short distances. (Cooper Tools) 


lever hoist moves loads more slowly than a 
hoist standard because of its lever-and-ratchet 
mechanism. It is suitable when heavy loads 
must be moved short distances. Most lever 
hoists will lift loads from 6’ to 12’ . The pawls 
(dogs) on the ratchet must be kept in good 
condition to prevent slippage. 

The portable winch crane is convenient in 
large buildings where large pipes must be 
lifted to considerable heights. It requires a 
smooth surface, such as a poured concrete 
floor, to operate effectively. A fork lift or a front 
loader can also be used to lift large pieces of 
pipe. See Figure 7-5. 


Hoist standard: Attachment to a scaffold that permits 
loads to be lifted by a person standing at the base of 
the scaffold. 


Lever hoist: A hoist that will lift or pull much heavier 
loads than a hoist standard. 


Winch crane: A portable crane that is convenient in 
large buildings where large pipes must be lifted to 
considerable heights. 
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Figure 7-5. A forklift, such as the one shown above, 
can be used to move heavy pipe and fittings. (Crown 
Equipment Corporation) 


Securing Pipes for 
Hoisting 


Tie ropes to piping carefully in preparation 
for hoisting. To hold the pipe more securely, 
wrap the rope around the pipe twice before 
tying. A single wrap is dangerous and may 
allow the pipe to slide out of the loop as it is 
being hoisted. If possible, tie the rope to the 
pipe in several places. See Figure 7-6. Knot the 
rope with two half hitches and snug the knot 
close to the pipe. 


The spacing of supports on horizontal runs 
of cast-iron soil pipe shall not exceed five feet. . 
Vertical runs of cast-iron soil pipe must be | 
supported at each floor level. | 


Ladders 


While not used frequently by plumbers, 
ladders are needed to gain access to roofs and 
other difficult-to-reach locations. For example, 
a ladder may be used inside a building when 
installing horizontal runs of DWV or water 
supply piping that are located under the floor 
framing. 


Double turn 


Running Double turn 

bowline and two and two 
half hitches half hitches 
around beam around pipe 


Figure 7-6. Methods of securing rope to pipe. A—If 
practical, tie the rope to both ends of the pipe. 
B—Rope wrapped twice around the pipe will hold the 
pipe more securely. C—Two methods of securing rope 
to a pipe or beam. Knots on either hitch can easily be 
loosened when the rope is to be removed. 


Ladder Construction 


Ladders are made of wood, metal, or fiber- 
reinforced plastic. The side rails of wood 
ladders are generally made of Douglas fir, 
spruce, fir, or Norway pine. The rungs of wood 
ladders are generally made of second-growth 
white ash, hickory, or white oak. The lumber 
used should be sound, straight-grained, well 
seasoned, and free of decay or knots. 

Never paint a wooden ladder. Paint 
conceals defects that could cause wood 
members to give way, leading to serious injury. 
To preserve the wood, coat the ladder with spar 
varnish or a good-quality, clear, all-weather 
sealer. This leaves the grain structure visible for 
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inspection. Linseed oil is also a good preserva- 
tive but adds to the weight of the ladder. 
Replace wood ladders that develop cracks or 
other signs of decay. 

Fiber-reinforced ladders are often preferred 
by plumbers because of their durability and 
electrical resistance. Metal ladders are made 
from aluminum alloys, so they are lightweight 
and strong. However, they are also excellent 
conductors of electricity, increasing the risk of 
electrical shock. 


Ladder Types 


A plumber will use several types of ladders, 
including: 

e Single (straight) ladders. 
e Extension ladders. 

e Stepladders. 

e Stepstools or Platforms. 
e Articulated ladders. 

A single (straight) ladder, Figure 7-7, has 
one straight section. Its size is determined by 
the length of the side rails. Single ladders over 
30’ long are prohibited by OSHA. 

An extension ladder, Figure 7-8, has two or 
more sections that can be extended to adjust 
the length. An extension ladder’s size is deter- 
mined by adding the length of all its sections. 
Type I (industrial grade) extension ladders are 
available in two-section models made of wood 
or metal up to 60’ in length. Three-section Type 
I metal extension ladders may be as long as 72’. 


"Safety Note lt ~ 

An extension ladder cannot be extended 
its total length. It is important to have sufficient 
overlap between sections. 


A stepladder is a self-supporting, non- 
adjustable ladder, Figure 7-9. It has flat steps 
and a hinged back that folds against the steps 
during transport. A rack near the top step holds 
tools and other lightweight equipment. Good- 
quality stepladders have steel spreaders that 
will not injure your hands while opening and 


Figure 7-7. A single ladder has only one section. 
(Werner Co.) 


closing the ladder. Spreaders are the metal 
devices that hold the legs in the open position. 
The legs should be sturdy and well braced. 
Stepladders range from 4’ to 16’ in length. 

A stepstool or platform, Figure 7-10, is very 
useful when installing pipe and fittings over- 
head in a room with 8’ or lower ceilings. 


Single (straight) ladder: A ladder with one straight 
section. 


Extension ladder: A ladder with two or more sections 
that can be extended to adjust the length. 


Stepladder: A self-supporting, nonadjustable ladder 
that can range from 4’ to 16’ in length. 


Stepstool: Ladder that is easy to move and very useful 
when installing pipe and fittings overhead in a room 
with 8’ or lower ceilings. 

Platform: Ladder that provides additional room to 
stand when installing pipe and fittings overhead in a 
room with 8’ or lower ceilings. 


Figure 7-8. Extension ladders have two or more sec- 
tions. A rope to assist in extending the sections is 
desirable. (Werner Co.) 


Figure 7-9. Stepladders should be sturdily built. Metal 
angle brackets help prevent lateral movement. 
(Werner Co.) 


Although the stepstool is easier to move, the 

platform provides additional room to stand. 
Articulated ladders, Figure 7-11, have 

hinged joints, enabling them to be used in a 


Articulated ladders: Ladders that have hinged joints, 
enabling them to be used in a variety of configurations. 
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B b 
Figure 7-10. A—Stepstools are easy to move from 
one location to another. B—A platform makes it possi- 
ble to move around without going up and down a step- 
stool. (Werner Co.) 


Figure 7-11. An articulated ladder can be used as a 
stepladder, a straight ladder, or a scaffold. 


variety of configurations. They are generally 
more expensive than other types of ladders, 
but their flexibility makes them desirable. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 

1. The strongest natural fiber rope is 
A. cotton 
B. American hemp 
C. sisal 
D. manila 

2. True or false? No. 3 Manila rope will retain 
its strength longer than No. 1 Manila rope. 

3. Why is cotton fiber rope seldom used for 
hoisting work? 

4. What precautions should be practiced 
when taking care of rope? 

5. True or false? If the outside surface of a rope 
is sound, it is safe to assume that the rope is 
strong. 

6. Powder on the inside of a rope indicates 


A. excessive wear 
B. high quality rope 
C. synthetic fiber 
D. freeze-thaw damage 

7. Name two knots that can be used to join 
two ropes of the same size. 

8. Name three ways of making a loop on the 
end of a rope. 

9. Name three knots that can be used to attach 
a rope to a pipe or post. 

10. A(n) will lift or pull a heavier load 


but operates more slowly than a(n) 


block. 

11. A rope should be wrapped around a 
pipe to be lifted to make sure the pipe is 
held securely. 


12. Name at least two materials used in 
constructing ladders. 

13. A ladder having one straight section is 
called a(n) . 
A. single ladder 
B. extension ladder 
C. stepladder 
D. Both A and B. 

14. A ladder having two straight sections is 
called a(n) 
A. single ladder 
B. extension ladder 
C. stepladder 
D. Both A and B. 

15. A ladder that is self-supporting is called 
a(n) , 
A. single ladder 
B. extension ladder 
C. stepladder 
D. Both A and B. 


Suggested Activities 


1. Practice tying 10 or more of the knots 
shown in Figure 7-2 as directed by your 
instructor. 

2. Attach a lever hoist to an overhead struc- 
tural member and lift a length of cast iron 
pipe. Make sure the pipe is held at the 
proper slope to be installed as a part of a 
DWV system. 

3. Attach a hoist standard to the side of a scaf- 
fold and practice using it to raise a variety 
of small parts. 


Building and 
Plumbing Codes 


Objectives 


This chapter outlines the purpose and content 
of building and plumbing code. 


After studying this chapter, you will be able to: 


e Explain the purpose of zoning laws and 
building codes. 


e Cite typical examples of how codes are 
administered and enforced. 


e List the specific points that a plumbing 
code should cover. 


e Apply code requirements to a plumbing 
installation. 


Technical Terms 


Zoning laws International 
Building codes Residential Code 
Model codes for One- and Two- 


Family Dwellings 


Governmental units, such as cities, coun- 
ties, and states, make and enforce laws speci- 
fying minimum standards for buildings 
constructed within their jurisdiction. These 
laws provide for the health and safety of 
people who occupy the structures. 

Zoning laws regulate the type of structure 
that may be built in a given area. In general, 
these laws serve to separate residential, office, 


light industrial, and heavy industrial activities. 
Building codes also control: 


e The quality of materials required. 


e Structural system load capacity support 
requirements. 


e The number and type of exits required. 
e The quality of work required. 


Plumbing and electrical codes are 
frequently separate from the building code 
because the installation and inspection 
personnel must be specially trained. In many 
cases, they are licensed by the governmental 
unit to work in the jurisdiction. 


Administration of 
Codes 


Since codes are adopted and applied 
locally, it is almost impossible to precisely 
describe how codes are universally adminis- 
tered. However, some generalizations may be 
made concerning code enforcement. When 
plumbing, a thorough familiarity with the 
codes that apply to the individual’s specific 
area is crucial. 

Before planning a plumbing installation, it 
is necessary to determine which governmental 


137 


138 Section 1 Introduction to Plumbing 


agency is responsible for code enforcement in 
the area. If the building is in an incorporated 
city, the city building officials are likely to be 
responsible. In areas outside of incorporated 
cities, a state plumbing code may control 
plumbing installations. Code enforcement in 
areas such as this is generally delegated to 
county building or health officials. The 
building official’s title may vary, but commonly 
used titles include city engineer, building 
inspector, and building commissioner. They 
may be certified to administer state building 
codes, if they exist. The chief building official 
generally has a staff to study plans, inspect 
buildings, and maintain records of all build- 
ings under construction. Inspectors may often 
be required to obtain a license, verifying that 
they are qualified to perform their work. 

A brief review of the process used by the 
building officials demonstrates the need for 
good planning and careful work. 


1. A contractor needs a permit to construct a 
certain kind of building on a specified plot 
of ground. To obtain a building permit, the 
contractor must submit two copies of the 
plans and specifications to the building 
inspector, along with an application for a 
building permit, a plumbing permit, an 
electrical permit, a heating and ventilating 
permit, as well as other permits as required. 
See Figure 8-1. 


2. The plans and specifications are reviewed 
for compliance with the minimum stan- 
dards specified by the code. If changes are 
necessary, they are noted on the plans by 
the building officials. 


3. Assuming the changes are minimal, the 
plans are approved and a permit is issued. 
Instructions regarding the appropriate time 
to request an inspection are also provided. 


4. During the construction project, periodic 
inspections are made. In the case of residen- 
tial plumbing, an inspection is done after 
roughing-in is complete and before any 
pipes are covered. A final inspection is 
made upon completion of the job. In addi- 
tion, the connection of the house drain to 
the sewer and the water supply connection 


to the water main require inspection before 
they are covered. 


5. The inspector attaches an approval or rejec- 
tion notice to the building permit, as war- 
ranted by the work that has been done, see 
Figure 8-2. If the work is rejected, the 
changes must be completed before the 
work is reinspected. There may be an addi- 
tional charge for reinspection. 


6. When the building passes final inspection, 
an occupancy permit is issued. This docu- 
ment certifies that the building meets code 
requirements and is safe for people to use. 


Code Enforcement 


In cases where the building officials have 
difficulty obtaining the quality of work neces- 
sary, the case may be turned over to the prose- 
cuting attorney. Court action may be initiated 
to stop work on the job until necessary changes 
are made. Commonly, it is not possible to 
obtain a permanent water meter until the 
plumbing passes inspection. 


Model Codes 


The development of plumbing codes began 
when cities first installed central water supply 
systems. These codes were necessary to protect 
the water supply and the health and safety of 
the people. The codes varied greatly because 
they were independently developed by each 
city. This variety made it very difficult for 
plumbers who worked in several communi- 
ties, as they had to know the code for each 
community. Plumbing supply businesses and 


Zoning laws: Laws regulating the type of structure 
that can be built in a given area. 


Building codes: Laws that control the quality of mate- 
rials used, the structural system load capacity support 
requirements, the number and type of exits required, 
and the quality of work required. 
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Application for Plumbing Permit 


Date 


i 
| Permit no. 
| To the building inspector: Receipt 


The undersigned hereby makes application for a Plumbing Permit, according to the following specifications: 


Name of plumber 


| Name of owner Address 


Location, house no. 


Between and 


Kind of building Kind of floor 


Number waterclosets 


l" Baths 


! " Washstands 

Kitchen sinks 

Slop sinks 

Laundry trays 
"Shower baths 

" Urinals 

Soda fountain wastes 
Fountain cuspidor wastes 
Refrigeration wastes 
Drinking fountains 
"Cellar drains 


4 Hot water installation 


| Estimate cost of plumbing $ Fee $ 

| Minimum fee 

[i 

| In consideration of permission given do hereby covenant and agree to construct said work in all 
respects in compliance with the Laws of the State of and with the ordinances of the City of 


Code relating to Plumbing. 


Plumber i 

Address . 
| Company ie 
Ieee en rere toner neh san a ae aa = eee OT ay Sapa a ee 


Figure 8-1. Typical plumbing permit application. The fee paid to the city usually depends on the number of fixtures. 
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CITY OF 
BUILDING DEPARTMENT 


The Following Has Been Inspected and 
REJECTED 


Date Inspector 


Figure 8-2. Inspection stickers. Different colors are often used for rejection and approval. 


manufacturers of plumbing materials found 
this diversity both confusing and expensive to 
work with. 


The first mode! plumbing code to achieve 
national recognition was the “Hoover Code” 
published in 1928. Herbert C. Hoover, then 
Secretary of Commerce, appointed a 
Subcommittee on Plumbing in 1921 to draft a 

| model plumbing code. The subcommittee pro- 
duced a preliminary report in 1922, calling for 
studies to be conducted regarding pipe sizing. 
Dr. Roy B. Hunter, of the National Bureau of 
Standards, initiated five years of studies that 
produced basic information about sizing both 
water supply and drainage piping. This infor- 
mation was included in the U.S. Department of 
Commerce publication BH13-Recommended 

| Minimum Requirements for Plumbing, better 
known as the Hoover Code. Current model 
codes continue to use the information about 
sizing as a basis for their requirements. 


ee 


In an effort to improve the quality of codes 
and provide a degree of standardization, model 


codes were developed. These codes became 
available for adoption by local governments 
and were well received because of the time and 
expense involved in developing quality 
plumbing codes. Several model codes for 
plumbing were developed to serve different 
regions of the United States. See Figure 8-3. 
These codes have helped standardize plumb- 
ing in the respective regions and have served 
as the basis for developing an international 
model code. 

The International Code Council introduced 
the International Residential Code for One- 
and Two-Family Dwellings in 2000. This new 
model code is compatible with the National 


Model codes: Standardized plumbing codes that are 
available for adoption by local governments. These 
are well received because they minimize the time and 
expense involved in developing quality plumbing 
codes. 

International Residential Code for One- and Two- 
Family Dwellings: Code introduced in 2000 by the 
International Code Council. It is compatible with the 


National Codes published by BOCA, ICBO, and 
SBEC 


BOCA Basic Building Code 


O Plumbing Code i 
ndard Plumbing Code is 


form Plumbing Code 


ational Residential Code for 
8- a nd Two- -Family Dwellings 


ar al Conference of Building Officials — 
thern Building Code e Congress International, Inc. 
| International Association of Plumbing and Mechanical Officials 
‘International Code Council 
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Figure 8-3. Model plumbing codes and their sponsoring oanien 


Codes published by the Building Officials 
and Code Administrators International, Inc. 
(BOCA), the Uniform Codes published by 
the International Conference of Building 
Officials (ICBO), and the Standard Codes 
published by the Southern Building Code 
Congress International, Inc. (SBCCI). 

Federal, state, and local governments, 
building officials, plumbers, plumbing contrac- 
tors, plumbing product manufacturers, archi- 
tects, and health officials are among the groups 
involved in developing model plumbing 
codes. The resulting codes are well developed 
and scientifically verified. The model 
plumbing codes consider both the practical 
problems of fabricating plumbing systems and 
the necessity of creating and maintaining a safe 
and healthful water supply. 

One function of plumbing code is to 
control the quality of the components installed 
as a part of the plumbing system. This is 
accomplished by referring to standards devel- 
oped for the production of these components. 
Labels, such as ASTM-B-370, ASSE-1025, and 
ANSI-1002, that appear on components indi- 
cate the standard under which they were 
manufactured. The abbreviation at the begin- 
ning of the labels notes the agency that devel- 
oped and maintains the standard. Common 
agency abbreviations: 


e ASTM-American Society for Testing and 
Materials 


e CISPI-Cast Iron Soil Pipe Institute 
e CSA-Canadian Standards Association 
e AGA-—American Gas Association 


e ANSI-American 
Institute 


National Standards 


e ASSE-American Society of 
Engineers 


Sanitary 


e NSF-—National Sanitation Foundation 
e NSPI-National Spa and Pool Institute 


It is the plumber’s responsibility to only 
install components that are approved by the 
local plumbing code. Since many of the stan- 
dards agencies also develop standards for 
products not approved for installation in 
plumbing systems, it is necessary to know both 
the agency and the standard to ensure that the 
correct materials are used. 

Model plumbing codes cannot be enforced 
until they are adopted by the local government. 
The local government, however, has authority 
to modify the code. This is particularly impor- 
tant with plumbing codes, because both 
climate and altitude impact the installation of 
plumbing systems. 


Content of Plumbing 
Codes 


Well-written plumbing code generally 
contains the following type of information: 


e Assumptions or general principles on 
which the specifics of the codes are based. 


e Definitions of terms used in the code. 


e General regulations (such as type of struc- 
ture to which the code applies, slope of 
drainage piping, quality of work, and 
depth of building drains). 

e Quality and size limits on materials. 


e Requirements for joints. 
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e Requirements for the location of traps and 
cleanouts. 

e Requirements for plumbing fixtures. 

e Requirements regarding the design of 
water supply piping. 

e Requirements for the design of drain/waste 
ppmg 

e Requirements for the design of vents. 

e Requirements for storm drains. 

e Procedures for specific inspections and 
tests. 


From this list it is evident that design, mate- 
rial selection, and installation practices are all 
controlled. It is the plumber’s responsibility to 


complete work that complies with the code. 
Therefore, a thorough study of the local area’s 
existing code is absolutely essential before 
beginning work on the plumbing system. Code 
Notes are included in each chapter of this book 
to call your attention to code requirements. 


The plumber must furnish the tools and | 
materials, and perform the work necessary to | 
test the DWV and water supply piping. These 

tests are observed and approved by the | 
appropriate building inspector. 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


ilz 


Regulations controlling the types of struc- 
tures that can be built in a given area are 
known as : 

A. building codes 

B. plumbing codes 

C. zoning laws 

D. design codes 


. Laws that control the quality of materials 


and structural system are known as 
A. building codes 

B. plumbing codes 

C. zoning laws 

D. design codes 


. The first inspection for a residential 


plumbing job is generally made 

. at the completion of the rough-in 

after the drywalling is done 

. when the inspector has time 

. when the building permit is issued 
cases where building officials cannot 
agree with the plumber about how a job 
should be done, officials have the authority 
to turn the case over to a(n) who 
takes court action to stop work on the job. 
A. judge 

B. attorney 

C. police officer 

D. prosecuting attorney 


= Sere 


. Why were model plumbing codes developed? 
. The first model code to gain national recog- 


nition was the ; 

A. BOCA Basic Building Code 
B. Hoover Code 

C. ICBO Plumbing Code 

D. Uniform Plumbing Code 


. The International Residential Code for One- 


and Two-Family Dwellings was developed 

b ; 

< Building Officials and 
Administrators International, Inc. 

B. International Conference of Building 
Officials 

C. International Code Council 

D. Southern Building Code Congress 
International, Inc. 


Code 


9, 


10. 


ll, 


12: 
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. Identify three groups of people who have 


an interest in plumbing code development. 
The International Residential Code was 
developed for 

A. one- and two-family dwellings 

B. large apartment buildings 

C. commercial structures 

D. All of the above. 

The plumber must only install components 
that are approved by 

A. the distributor 

B. the contractor 

C. the local plumbing code 

D. the property owner 

Well-written plumbing codes generally 
contain information about 

A. quality of materials 

B. size of pipe and fitting 

C. plumbing fixture requirements 

D. All of the above. 

Which of the following is not likely to be 
included in local plumbing code? 

A. Vent design requirements. 

B. Minimum distance of buildings from 
the street. 

Requirements for the location of traps. 


C 
D. Inspection and test procedures. 


Suggested Activities 


Ik 


Pe 


Ds 


Obtain a copy of the plumbing code for 
your area and identify the basic areas of 
work that it covers. 

Ask a plumbing inspector to describe how 
the local plumbing code is administered. 
Arrange for an inspector to be a guest 
speaker in class. 
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Plumbers often use soldering and brazing processes in their work. This 
worker is sweat-soldering a fitting on copper tubing. (J. W. Harris Co., Inc.) 


Soldering, 
Brazing, and 
Welding 


Objectives 


This chapter describes the process of making 
watertight pipe joints using heat and various 
filler metals. 


After studying this chapter, you will be able to: 

e Identify the solders, brazing filler materials, 
and fluxes needed for successfully solder- 
ing and brazing copper pipe and fittings. 

e Describe and demonstrate the processes for 
soldering and brazing copper pipe. 

e Describe the process for welding plastic 
pipe and fittings. 


Technical Terms 


Soldering 
Nonferrous metal 


Capillary attraction 
Oxidation 


Soldering, brazing, welding, and cementing 
are used to join water supply pipe and fittings 
that are not threaded. Cementing is used with 
plastic pipe and does not require the applica- 
tion of heat. Lead wiping is an obsolete process 
for water supply systems. If lead pipe is 
encountered in older installations, it should be 
replaced with materials that meet current 
plumbing codes. 


History Brief 


The earliest evidence indicates that sol- 
dering began in Mesopotamia about 4000 BC. | 
Soft solder containing tin and lead was devel- 
oped in Northern Europe approximately 1900 BC 
by the Celts and Gauls primarily for jewelry, 
cooking utensils, and tools. 


Sweat Soldering 


Soldering uses heat and a nonferrous filler 
metal to form joints between two metallic 
surfaces. A nonferrous metal does not contain 
iron and is, therefore, nonmagnetic. Soldering 
is generally used by plumbers to join rigid 
copper pipe and fittings. The filler metal is 
distributed evenly between the close-fitting 
surfaces of the joint by capillary attraction. 
Capillary attraction is the tendency of a liquid 
to be drawn to the surface of solids in a 
“soaking” or “spreading” action. 


Solders 


Public Law 99-339, better known as the 
Federal Safe Drinking Water Act Amendments 
of 1986, mandates the use of lead-free solder 
for potable water supply piping. Therefore, the 
traditional soft solder composed of 50% tin and 
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50% lead is no longer permitted for joining 
copper pipe. Several solder products have been 
developed in which the lead is replaced with 
other alloys. Antimony, copper, and silver are 
among the more commonly used alloys. Solder 
alloyed with antimony is somewhat more 
likely to corrode than those containing silver. 
Silver is, however, more expensive. Figure 9-1 
contains examples of typical solder composi- 
tions and the recommended temperature range 
for effective soldering. The larger the tempera- 
ture range, the easier the product is to use. 

Plumbers generally prefer %” solid core 
solder that is sold in one-pound spools. These 
solders should be used only where pipe 
temperatures will not exceed 250°F (121°C). 
They are generally suited to low-pressure 
steam applications, as well. 

Hard solders are composed of various 
percentages of copper and zinc alloys. They are 
used in the brazing of cast iron, iron, steel, 
brass, and sometimes copper. 


Code Note 


Lead-free solder and flux or solider and flux 
containing no more than two-tenths of a per- 
cent of lead must be used when making solder 
| joints in potable water supply piping. 


Fluxes 


Soldering flux performs several functions: 


e It protects the surface from oxidation 
during heating. Oxidation is the process of 
picking up oxygen that produces tarnish 
and rust in metals. 


430—480 
430-450 
440-500 
430-550 


| 5 
| 94 6 


Figure 9-1. The composition and recommended sol- 
dering temperature for lead-free solder. 


e Ithelps the filler metal flow easily into the joint. 


e It floats out remaining oxides ahead of the 
molten solder. 


e It increases the wetting action of solder by 
lowering the surface tension of the molten 
metal. 


Highly corrosive fluxes contain inorganic 
acids and salts such as zinc chloride, ammo- 
nium chloride, sodium chloride, potassium 
chloride, hydrochloric acid, and hydro- 
fluoric acid. 

Less corrosive fluxes contain milder acids 
such as citric acid, lactic acid, and benzoic acid. 
Although they are briefly very active at 
soldering temperatures, their corrosive 
elements are driven off by the heat. Residue 
does not remain active and is easily removed 
after the joint is cool. 

Noncorrosive fluxes, the only type suited 
for plumbing work, are composed of water and 
white resin dissolved in an organic or benzoic 
acid. The residue does not cause corrosion. 
These fluxes are effective on copper, brass, 
bronze, nickel, and silver. Noncorrosive fluxes 
are recommended for joining copper pipe and 
fittings. 

The best fluxes for joining copper pipe and 
fittings are compounds containing mild 
concentrations of zinc and ammonium chlo- 
ride. These cleaning agents are mixed with a 
petroleum base to produce a noncorrosive 
paste that is easily applied. 


Soldering: The process of forming joints between two 
metallic surfaces by using heat and a nonferrous filler 
metal. 


Nonferrous metal: Metal that does not contain iron 
and is, therefore, nonmagnetic. 


Capillary attraction: The tendency of a liquid to be 
drawn to the surface of solids in a “soaking” or 
“spreading” action. 


Oxidation: The process of picking up oxygen that 
produces tarnish and rust in metals. 
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Sweat Soldering Procedure 

Soldering is not difficult. Each operation, ’ a ; 

however, must be performed carefully for satis- Figure 9-3. A reamer is used to remove the wire edge 

factory results. Carefully study the following pro- 2" DUtTs formed on the inside of copper tubing during 
cedures before attempting to make a solder qutinigteraaalanMig: Ce.) 

joint: 

1. Cut the copper pipe with a tubing cutter, 
Figure 9-2. 

2. Ream the ends of each pipe to remove metal 
burrs, Figure 9-3. 

3. Cleaning is a very important part of making 
good solder joints. Use a copper cleaning 
tool, Figure 9-4, such as abrasive paper (fine 
grit), emery cloth, or No. 00 steel wool, to 
clean the copper pipe ends and the socket or 
cup of the fitting. Do a thorough job. After the 
scale and dirt are removed, brush away any 
loose abrasive particles. Avoid touching the 
clean metal with your fingers. 


Figure 9-4. These special cleaning tools are used 
to prepare copper tubing and fittings for soldering. 
A—Fitting brush. B—Tube brush. C—Abrasive 
ministrips. (Mill-Rose Co.; Wheeler Mfg. Co.) 


4. Immediately apply the proper flux to all pipe 
and joint areas to be soldered with a clean 
brush, as shown in Figure 9-5. It is important 
to apply flux soon after the joint is cleaned. 
Otherwise, the copper begins to oxidize and 
the oxide inhibits the soldering process. 

5. Assemble the fluxed pipes into the fitting. 
Push and turn until the pipes are bottomed 


B against the inside shoulders of the fitting. 
Figure 9-2. A tubing cutter produces a square cut that 6. Select the proper solid core solder. 
needs little dressing. A—Standard tubing cutter. B—Small 7. Light a small, portable propane gas torch to 


tubing cutter for use in tight spaces. (Wheeler Mfg. Co.) heat the pipe and fitting. Self-igniting torches, 
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Acid brushes 


tiie i n 


Figure 9-5. Soldering flux is applied to pipe and joint 
areas with an acid brush to reduce oxidation during 
the heating cycle. (Mill-Rose Co.) 


which include a piezoelectric igniter, are lit by 
depressing the trigger, shown in Figure 9-6. 
Always use a spark lighter when lighting a 
standard torch, as shown in Figure 9-7. 
Always hold the torch so it points away from 
you and any flammable material. 

8. Direct the heat onto the copper pipe before 
heating the fitting. This heats the pipe to the 
correct temperature without overheating the 
fitting. The pipe generally dissipates more 
heat than the fitting, and the fitting can be 
heated very quickly once the pipe has 
reached the right temperature. Hold the torch 
so that the inner cone of the flame touches 
the metal, as in Figure 9-8. 

9. Slowly touch the end of the solder wire to the 
joint area to check for proper temperature. 


Figure 9-6. Self-igniting torches provide sufficient 
heating capacity for soldering copper tubing and fit- 
tings. (Irwin Industrial Tool Co.) 


Figure 9-7. When lighting the torch, direct the tip away 
from you and any flammable material. Use a spark 
lighter to ignite the fuel gas. 


- Inner cone 
touching metal 


Figure 9-8. The inner cone of the torch flame should 
touch the metal. This is the hottest part of the flame. 


Feed the solder into the joint as you move the 
torch flame to the center of the fitting. Do not 
melt the solder in the flame. 

10. The joint may be wiped with a clean damp 
cloth while hot to remove excess solder 
and any remains of the flux, as shown in 
Figure 9-9. A damp cloth helps cool the joint. 

11. Secure the propane torch and other equipment. 
Be certain the valve on a propane torch is 

closed after use. Store the torch in a cool place 

away from any source of heat. 


Code Note 


Use a dielectric fitting or brass converter 
fitting when joining copper and galvanized 
pipe. 


Figure 9-9. To produce a joint that is smooth and neat, 
wipe with a damp burlap or denim cloth while the joint 
is still hot. 


Brazing 


Like soldering, brazing uses a nonferrous 
filler metal to join base metals. However, 
brazing is done with temperatures above 800°F 
(427°C). In brazing, the melting point of the 
filler metal is below that of the base metals 
being joined. 

In plumbing, brazing is used to join pipe 
and fittings in saltwater pipelines, oil pipelines, 
refrigeration systems, vacuum lines, chemical- 
handling systems, air lines, and low-pressure 
steam lines. Cast bronze fittings are commonly 
silver brazed to copper, brass, copper nickel, 
and steel pipes and tubes. Silver brazing 
involves the use of filler metal containing silver 
and bronze, and requires higher temperatures 
than brazing using brass filler metal. 

Braze welding cast iron parts by a metal 
worker should not be confused with the 
brazing done on piping. They are different 
processes. Brazing of pipe is an adhesion 
process. The metals being joined are heated but 
not melted. 

The joint formed by brazing is superior to 
that formed by soldering. It is used where 
mechanical strength and higher pressure- 
resistant joints are needed. The strength comes 
from the ability of the brazing alloys or silver 
braze to flow into the porous grain structure of 
the pipe and fitting. However, this excellent 
bond is only possible if: 

e The surface is clean. 


e The proper flux and filler rod are used. 
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e The clearance gap between the outside of 
the pipe and the bore is only 0.003” to 
0.004”, as shown in Figure 9-10. 


Brazing Materials 


Filler metal for brazing is available in the 
following different shapes: wires, rods, sheets, 
and washers. The classifications, each with 
special uses, include: 


e Aluminum-silicon—Used for 
aluminum and aluminum alloys. 


brazing 


e Copper-phosphorus—Used for joining 
copper, copper alloys, and other nonferrous 
metals. 


e Silver—Used for joining almost all ferrous 
and nonferrous metals. The exceptions for 
use include aluminum and other metals 
with low melting points. 


e Copper and _ copper-zinc—Suited for 
joining both ferrous and nonferrous metals. 
This compound is used in a 50/50 mixture 
for brazing copper. A 64% copper /36% zinc 
compound is used for iron and steel. 


e Nickel—Used when extreme heat and 
corrosion resistance is needed. Applications 
include food and chemical processing 
equipment, automobiles, cryogenics, and 
vacuum equipment. 

Flux, an important component in the 
soldering process, is even more necessary in 
brazing. In addition to protecting the surface 


0.003” to 


SSIS V4 0.004” gap 
O LD) 


TTS 


W 


Silver-bronze 
brazing alloy 


Apply heat 
in this region 


Figure 9-10. A cross-sectional enlargement of the 
clearance gap between a pipe and a bronze pipe 
fitting. 
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from oxidation and aiding the flow of filler 
metal, brazing flux serves to indicate the 
temperature of the metal. Without flux it 
would be almost impossible to know when the 
base metal reaches the correct temperature. 
Fluxes are produced in powder, paste, and 
liquid form. Many different types of flux are 
commercially available for use with various 
base metals and filler rods. When brazing 
copper, it is important to select a flux that is 
compatible with the filler metal being used. For 
small jobs, powdered flux is often preferred 
because it will adhere to a heated brazing 
rod. Preheat the rod and stick it into the 
powdered flux. When the base metal is 
aluminum, brazing must take place at a lower 
temperature. 


Supplying Heat 


Brazed copper joints are made at a temper- 
ature of 1400°F (760°C) or higher. An oxyacety- 
lene torch, as shown in Figure 9-11, is 
commonly used instead of a propane torch 
because of the higher temperatures required. 
Correct torch tip size and the appropriate 
oxygen and acetylene regulator settings for 
various pipe and fitting diameters are listed in 
Figure 9-12. For example, to braze %” or %” 
pipe, a No. 5 torch tip is recommended. This tip 
requires an oxygen pressure of 5 psi and an 
acetylene pressure of 5 psi. 


n 
Safety Note 


When using a welding torch, always wear 
welding goggles and protective clothing. Shut 
off tank valves when finished. “Think Safety!” 


Figure 9-11. An oxyacetylene torch unit can effi- 
ciently provide the higher temperature necessary for 
brazing. (Goss Inc.) 


Figure 9-12. This table of oxyacetylene torch tip sizes 
and regulator settings is suggested for brazing various 
size pipes and fittings. Pressures are not standardized 
for oxyacetylene units. 


Brazing Procedure 


— 


. Clean, flux, and assemble the joint(s) to be 

brazed. 

2. Assemble the correct tip on the torch. 

3. Make sure the regulator valves are closed. 
Open the tank valve. At this point, the pres- 
sure gauge on the oxygen tank may read as 
much as 2000 psi. The acetylene tank pres- 
sure gauge may read up to 250 psi. A regu- 
lator is shown in Figure 9-13. 

4. With the valves on the torch closed, adjust 
the regulator valve to the correct setting 
(refer to Figure 9-12). 

5. Open the acetylene torch valve % turn. Hold 

the torch away from you and away from any 

flammable material. Light the gas with a 

spark lighter. 


Figure 9-13. A regulator for controlling oxygen and 
acetylene pressure. (Goss Inc.) 


6. Immediately open the oxygen valve slightly to 
eliminate the formation of black smoke and 
soot. 

7. Adjust the oxygen and acetylene torch valves 
until a neutral or slightly carburizing (excess 
of acetylene) flame is produced, as shown in 
Figure 9-14. A neutral flame is preferred for 
brazing. 

8. Heat the pipe first and watch the flux. It will 
first turn to a white powder. When the correct 
brazing temperature is reached, it will 
become liquid. At this time, shift the flame to 
the fitting. See Figure 9-15. 

9. The brazing rod may now be preheated by 
introducing it into the flame as the fitting is 
being heated. In a few seconds, the rod is 
hot enough for insertion into the flux container. 
A coating of flux melts onto the rod, as illus- 
trated in Figure 9-16. 


“Feathery” zone of unburned 
acetylene 


Carburizing (Excess Acetylene) Flame 


Well defined “cone” without 
-4 feathery edge 


Neutral Flame Is Best for Brazing. 


Figure 9-14. A neutral or carburizing flame is neces- 
sary for proper brazing. 


Figure 9-15. When the flux becomes liquid, shift the 
cone of the flame to the fitting. 
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10. Feed the brazing rod into the joint and move 
the flame back and forth between the pipe 
and the fitting, Figure 9-17. 

11. Allow the pipe and fitting to cool before mov- 
ing, cleaning, or testing the joint. 


amre 0 ree rE a 


History Brief 


Copper pipe and fittings were introduced 
in the United States after World War | as a | 
substitute for galvanized iron pipe and fittings. | 
Copper did not, however, come into wide- | 
spread use until after World War Il. 


Insert brazing 

rod into flame 

as fitting is heated 
L— 


Insert preheated 
rod into flux 


Flux-coated 
rod tip 


Figure 9-16. The flux will form a coating on a pre- 
heated brazing rod. 


Figure 9-17. Feed the brazing rod into the joint as the 
flame is moved back and forth between the pipe and 
fitting. (The Ridge Tool Co.) 
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Welding 


Welding involves melting the parent mate- 
rial to form a bond. Steel or plastic pipe and 
fittings can be welded. In the plumbing 
industry, welding is generally limited to repair 
work on thermoplastic pipe systems. The 
surface, or pipe to be welded, is heated by an 
electrically operated welding unit that forces 
500°F to 700°F (260°C to 371°C) air from a 
blowpipe nozzle. 
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Welding Procedure 


To understand how this tool is used to repair 
plastic pipe or fittings, study the following proce- 
dure for repairing a small fracture in a piece of 
sal ee or PVC thermoplastic pipe: 

. Clean the welding surface to remove dirt, oil, 
and loose particles. Use fine abrasive paper, 
detergent cleaner, and a cloth. 

2. Place the pipe on firebrick or another heat- 
resistant material for welding. 

3. The welding unit must be capable of heating 
the surface to 550°F (288°C). Position the 
welding filler rod at approximately a 75° 
angle to the weld surface. See Figure 9-18. 


Weld one or two beads over the hole in 
the pipe. 

4. Allow the weld to cool completely before test- 
ing it with water pressure. 


Electric arc welding is used on metal 
natural gas pipelines, pressure vessels, and 
storage tanks. The American Welding Society 
(AWS) has rigorous welding performance tests 
and information for pipeline welders. Even 
though pipe, valves, and joints are used, a resi- 
dential or commercial plumber does not 
usually perform this type of special work. 


Figure 9-18. This welder blows heated air to join ther- 
moplastics. (Laramy Products Co., Inc.) 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1? 


2 


Thermoplastic piping systems can be 
repaired by ! 

The process that removes metal burrs from 
the inside of pipes is known as 

A. brazing 

B. chamfering 

C. deburring 

D. reaming 


. The three conditions necessary for good 


solder joints are clean , proper 
and the correct amount of 


I 


. List the four functions of flux. 
. The Federal Safe Drinking Act Amend- 


ments of 1986 require that solder be 
used when joining copper pipe that is used 
for potable water systems. 


. Brazing requires a temperature 


soldering. 

A. lower than 

B. higher than 

C. equal to 

D. either higher or lower than 


. The amount of oxygen and acetylene 


should be adjusted to produce a 
flame before beginning to braze. 

A. negative or neutral 

B. neutral or carburizing 

C. carburizing or negative 

D. positive or carburizing 


. The joining process that requires a temper- 


ature high enough to melt the parent mate- 
rial is known as 

A. soldering 

B. brazing 

C. welding 

D. cementing 


Tf lead pipe is found in an existing 


plumbing system, it should be ; 
. replaced 

lined 

coated on the outside 

. chemically treated 


JO > 
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10. When welding PVC pipe, a temperature of 


is necessary. 
Mae hors 
Bo 22077 
C. 288°F 
DS50E 


Suggested Activities 
1. Assemble the copper pipe and fittings 


shown in the following figure. When the 
assembly is complete, attach it to a water 
supply or test it with air pressure. Have 
your instructor test and inspect your work. 


All pipe and fittings 
Ye” copper 


External part 
< of union 


j- 5] 


. Make the same assembly previously 


described from brass or bronze pipe and 
fittings. Have your instructor test and 
inspect your work. 


3. Weld a break in a plastic pipe. 
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Bringing in water and sewer service from the street to a building may call for excavating with the 
use of a small backhoe. Backfilling the trench after the pipe is installed is often done with an end- 
loader like the one at left. (Bobcat Company) 


Excavating 


Objectives 


This chapter discusses machine and hand exca- 
vating with emphasis on safety. 


After studying this chapter, you will be able to: 


e Explain the importance of locating and pro- 
tecting existing underground utilities. 


e Describe how excavating machines, and 
pneumatic and hand excavating tools are 
used to install plumbing. 

e Develop a list of general safety rules 
regarding the use of excavating machines 
and tools. 

e Describe several shoring methods and 
explain how shoring is used to protect 
workers in a trench. 


Technical Terms 


Walers Trench shovel 
Cut-and-cover Spud bar 
technique Pick/mattock 
Round-point shovels Pick 
Square-point shovels Mattock 
Drain spade Jackhammers 


Safety is a major concern when performing 
excavating and trenching work. Before exca- 
vating begins, it is vital to locate and protect 
any existing underground utilities. The second 


safety concern is to protect workers from a 
trench collapse, or cave-in, while they are 
working in trenches. The third concern relates 
to the safe operation and use of tools and 
machines used for excavation work. 


Locating and 
Protecting Utilities 


Before digging begins, it is essential to 
locate and protect all underground utilities in 
the area to be excavated. Failure to protect 
existing underground utilities can produce a 
major safety hazard and/or cause costly 
damage. Breaking a water main, for example, 
can disrupt service and delay excavation work 
until the site is drained. Cutting a gas line will 
not only disrupt service but could cause an 
explosion or fire. Cutting an electrical line will 
disrupt service and create an electrical safety 
hazard at the work site. Before beginning exca- 
vating work, contact utility companies and/or 
other local regulatory agencies and obtain the 
necessary permits and approvals. Many larger 
communities have a central office that is 
responsible for helping contractors locate 
underground utilities. This makes it possible to 
obtain the needed information about all of the 
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utilities present at a site by making a single 
telephone call. 


| Code Note 


| 


When pipe passes through the outside ` 
foundation, walls, ceiling, or roof of a structure, 

it is to be caulked, gasketed, flashed, or other- 
wise sealed to prevent uncontrolled airflow or 
the entrance of water. 


Excavating 


Most of the excavating work associated 
with plumbing is done by backhoes, front 
loaders, and trenchers. Backhoes, Figure 10-1, 
are available in a variety of sizes. They are 
often fitted on the rear of tractors that are also 
fitted with other attachments, such as a front- 
loading bucket. The backhoe digs the trench 
and the front-loading bucket is used for back- 
filling. Trenchers, Figure 10-2, generally 
produce narrow trenches and are used when it 
is not necessary for workers to actually get into 
the trench to join lengths of pipe. 

Plumbers often find it necessary to do some 
digging and moving of fill materials with 
shovels and other hand tools when they are 
installing drain, waste, and vent (DWV) piping 
either below a concrete slab or for a building 
sewer. The remainder of this chapter describes 
excavating processes and provides safety 
guidelines for performing the work. 


Figure 10-1. Small backhoes work well for digging 
narrow trenches. Larger backhoes can be used to dig 
wider and deeper trenches. (Bobcat Company) 


Figure 10-2. Trenchers work well for burying water 
supply and gas piping. (Bobcat Company) 


Digging Trenches 


The installation of a building sewer line is 
an example of the type of work that requires 
the use of a backhoe to dig a wide trench. 
Because plumbers must get into the trench to 
align the pipe and make pipe joints, the trench 
must be wide enough to provide room for them 
to work. Operating a backhoe requires special 
skills, so this work is most often done by a 
specialty contractor. 

Backhoes are designed to dig below the 
surface they are sitting on. They remove mate- 
rial and place it to one side of the trench. 
This material should be placed far enough 
from the edge of the trench that it will not 
increase the chance of a cave-in of the trench 
wall, Figure 10-3. The removed material 
should be placed on only one side of the trench. 
This allows free access to the trench from the 
opposite side. The backhoe is moved along the 
trench as excavation progresses. 

Working in a trench can be very dangerous, 
because the trench walls may collapse. To 
prevent this, OSHA requires that excavations 
and trenches over 5’ deep be guarded with 
shoring, sloping of the ground, or some other 
effective means of preventing a collapse. 
Trenches less than 5’ deep may require shoring 
or sloping if hazardous soil conditions are 
present, Figure 10-4. Shoring is done in various 
ways, depending upon the soil conditions, 
depth of the excavation, and size of the work 
area. In average soils, vertical strut shoring, 
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Excavated material 


placed in this area 
will increase the 
chance of cave-in. 


a. 


Figure 10-3. Excavated material should be placed far enough from the edge of the trench that it will not cause 


cave-in. 


Solid rock, shale or cemented 


sand and gravels (90°) 


NOTE: Clays, silts, loams or 
nonhomogenous soils require 
shoring and bracing. The 
presence of groundwater 
requires special treatment. 


ona TES 


(i SUN 
Sanne 


ground = 
line 


1 


Ys 


Compacted angular gravels 
Y—1 (63°26) 


Recommended slope for 
Ma soils 1—1 (45°) 


» 


Well-rounded loose sand 
2-1 (26°34’) 


Compacted sharp sand 
1%-1 (33°41’) 


Approximate angle of repose 
for sloping sides of excavations 


Figure 10-4. Approximate angles for sloping sides of trenches and excavations. 


Figure 10-5, is often sufficient. Vertical strut 
shoring can be installed from outside the 
trench, Figure 10-6. Once the strut is in place, 
the cylinders between pairs of struts are pres- 
surized to apply pressure against the sides of 
the excavation. In less stable soils, it may be 
necessary to line the excavation with sheathing 
or timber shoring and install braces called 


Walers: Braces installed in less stable soils when lining 
the excavation with sheathing or timber shoring. 


Cut-and-cover technique: A technique that minimizes 
the amount of trench that is open at any given time by 
excavating only a few feet before laying pipe. 


walers, Figure 10-7. Each pair of walers is 
joined by hydraulic cylinders that apply pres- 
sure to the sheathing, preventing cave-ins. 
Trench boxes or shields, Figure 10-8, may 
be used in place of shoring or sloping. Trench 
boxes are similar to the sheathing and waler 
system described earlier, except that they 
are assembled outside the excavation and 
lowered into the trench by a crane, backhoe, 
or front loader. One advantage of the trench 
box is that it can be easily moved along the 
trench as work progresses. This is often desir- 
able when installing long runs of pipe using 
the cut-and-cover technique. This technique 
minimizes the amount of trench that is open at 
any given time by excavating only a few feet 
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Figure 10-5. Vertical strut shoring is used where the 
soil is relatively stable. A—The vertical struts are con- 
nected by cylinders that can be pressurized with a 
hand pump to press the struts against the trench wall. 
B—Shoring in place in a trench. (Allied Construction 
Products, LLC) 


before laying pipe. Once the first few sections 
of pipe are in place, they are covered and exca- 
vation continues at the head of the pipe run. 
The actual area where workers are in the trench 
is restricted, making it possible for one or two 
trench boxes to provide effective protection. 

Tools, equipment, and excavated soil must 
be kept at least 2’ away from the lip of the 
trench. This reduces the weight that must be 
supported by the shoring and it minimizes the 
possibility that anything will fall into the 
trench and cause an injury. 

In trenches 4’ or more deep, ladders or steps 
that permit exit from the trench must be within 
25’ of the point where the work is being done. 
Runways and sidewalks must be kept free of 
debris. If undermined, they must be shored to 
prevent cave-ins. Barricades and warning signs 
must be erected to prevent people from falling 
into the trench. Trenches and excavations must 


Figure 10-6. Strut shoring can be quickly installed or removed from ground level. A—Lowering strut unit into the 
trench. B—Unfolding the unit. C—Pressurizing to expand the unit against the trench walls. The strut unit can be 
depressurized, collapsed, and removed from the trench when it is no longer needed. (Allied Construction 


Products, LLC) 


Figure 10-7. Waler unit being lowered into a trench. It 
will be expanded hydraulically to brace the timber 
shoring. (Allied Construction Products, LLC) 


be inspected daily for safety, so that slides and 
cave-ins are prevented. More frequent inspec- 
tions are required in rainy weather. 

Backhoes and trenchers have greatly 
reduced the amount of hand excavating work 
that must be done. After these machines 
complete most of the work, it is often necessary 
to remove loose debris, dig a bit deeper in a 
few places, and place fill material around 
newly installed pipe and fittings. Shovels, spud 
bars, picks, and/or mattocks are available in a 
variety of designs to assist with this work. 


Round-point shovels: Shovels that are intended for 
digging and can be used to pick up and throw mate- 
rial from one location to another. 

Square-point shovels: Shovels that are used to move 
loose material and can also be used to trim or level the 
bottom of a trench. 

Drain spade: A tool used to dig a narrow trench and 
may be used to loosen compacted earth. 

Trench shovel: A tool used to level the bottom of a 
narrow trench. 


Chapter 10 Excavating 159 


Figure 10-8. Trench boxes (shields) can be lowered 
into the trench with a crane and moved along as work 
progresses. (Allied Construction Products, LLC) 


Round-point shovels, Figure 10-9, are 
intended for digging and can be used to pick 
up and throw material from one location to 
another. Square-point shovels, Figure 10-10, 
are used to move loose material. They can also 
be used to trim or level the bottom of a trench. 
The drain spade, Figure 10-11, is designed to 
dig a narrow trench and may be used to loosen 
compacted earth. A trench shovel, Figure 10-12, 
does a good job of leveling the bottom of a 
narrow trench. 

Shoveling and digging require the use of 
the arms, back, and leg muscles. Proper stance 
and correct use of legs and arms will reduce 


B ve 
Figure 10-9. Round-point shovels. A—Long-handle 
design. B—D-handle design. (Seymour) 
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Figure 10-10. Square-point shovels work best when 
shoveling loose material. (Seymour) 


Figure 10-11. A drain spade is designed to dig a nar- 
row trench, and it can be used to loosen ground much 
like a round-point shovel. (Seymour) 


back injury and fatigue. Digging with a spade 
or shovel is done by stepping on the top edge 
of the tool and using your body weight to force 
the shovel blade into the ground, Figure 10-13. 
Once the blade cuts through the soil, the 
handle can be pulled toward you to break the 
soil loose. This will allow the soil to be lifted 
with the shovel and thrown from the trench. 
When digging, keep your back straight and 
use primarily your legs and arms to remove 
the dirt. 

Both round-point and square-point shovels 
can be used to scoop loose material and trim 
the bottom of a trench to the appropriate depth. 
By gripping the shovel handle 12”-18” from the 
shovel blade with one hand and placing a knee 


Figure 10-12. Trench shovels are even narrower than 
drain spade, and have a slightly curved blade that is 
useful in leveling trench bottoms. (Seymour) 


against the hand or wrist, it is possible to use 
the knee and legs to push the shovel horizon- 
tally, Figure 10-14. 


i —— e 
History Brief 


Metal shovels were first ‘produced a) 
America in 1774 by John Ames of 
Bridgewater, Massachusetts. At that time, 
much of what is now the United States was a 
British colony, and the manufacture of metal 
shovels was a act of treason according to | 
British Jaw. Fortunately for Ames, the | 
American Revolution resulted in the creation 
of the United States. Ames Manufacturing | 
became the nation’s leading producer of shov- 
els. Ames is also credited with developing the 
first shovel with a bent handle. The “Ames | 
bend” produced a shovel that was more com- 
fortable to use than the previous straight- 
oe sellin 


If the ground is too hard to be loosened 
with a shovel, you may need to use a spud bar, 
pick, or mattock. A spud bar, Figure 10-15, is 
used to break apart densely packed material 
and may also be used to break thin layers of 
rock. Some spud bars have one enlarged round 
end that can be used for tamping (compacting) 
fill materials. To use a spud bar, lift it vertically 


Spud bar: A tool that is used to break apart densely 
packed material and can also be used to break thin 
layers of rock. 


| Foot forces shovel into ground 


A 
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~ Pull handle toward you with 
dominant hand. 


Nondominant hand slides down 
handle to make lifting the 
loaded shovel easier. 


Figure 10-13. Proper method for using a shovel. A—Forcing the shovel blade into the ground. B—Lifting the 


shovel and loosened soil. 


and thrust it downward into the earth. The 
weight of the bar and the relatively small 


Pushing with knee against 
hand causes shovel to 
move forward. 


Figure 10-14. Placing your knee against your non- 
dominant hand and rocking forward will help you trim 
small quantities of dirt off the bottom of a trench. 


cutting edge will break up clay, soil containing 
gravel, and soft rock. Once the material is 
loosened, it is removed with a round-point 
or square-point shovel. When using a spud 
bar, it is very important to stand so that the 
bar will not accidentally strike one of your 
feet. Wearing steel-toed shoes is highly 
recommended. 


Figure 10-15. A spud bar is effective for breaking 
loose dense soil. (Seymour) 
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The pick/mattock, Figure 10-16, is a combi- 
nation tool. The pointed end is a pick that is 
useful for breaking up compacted granular 
material and thin layers of rock. The wide 
cutting edge is the mattock. The mattock is 
used to break up clay and other compacted 
material. A pick/mattock is swung much like a 
sledgehammer or axe. Before taking the first 
swing, stand as if you were walking up to the 
object to be struck with one foot ahead of the 
other, toes pointed toward the object to be 
struck. Place the striking point/edge of the tool 
at the place you want to strike and move 
forward or backward so that you can comfort- 
ably reach the handle, Figure 10-17. Make 
certain your feet are firmly positioned so 
they will not shift during the swing. This 


eee 


Figure 10-16. The pointed end of this combination tool 
is a pick. The wide end is a mattock. (Union Fork and 
Hoe, Inc.) 


Figure 10-17. Your stance is important when you are 
using a pick/mattock. Before starting your swing, place 
the point at the spot you want to strike and adjust your 
feet and arms to the proper distance. 


“measuring” is similar to a baseball player 
extending a bat across home plate to determine 
how far away to stand from the plate. Make 
certain that you have sufficient clearance to 
swing the pick/mattock in an arc before 
making the first swing. Striking an obstacle, 
such as the side of a trench, utility pole, tree 
trunk, or overhead branches, will deflect the 
tool and make it very difficult, if not impos- 
sible, to control what it strikes. 

The swing begins with your dominant 
hand (the hand you write with) nearest the end 
of the handle, Figure 10-18. As the tool is lifted, 
the other (nondominant) hand slides up the 
handle to make it easier to lift the head of the 
tool. Near the top of the swing the nondomi- 
nant hand begins to slide down the handle as 
downward force is exerted. By the end of the 
swing, the two hands are together. Take a prac- 
tice swing in slow motion to make certain that 
your position is satisfactory before swinging 
with full force. Bend both your back and knees, 
so that when you complete the swing, the point 
of the tool will be perpendicular to the surface 
being struck. This position assures that all the 
force will be absorbed by the earth. It will also 
prevent the tool from continuing to travel 
toward you—if you complete the swing with 
your hands too high, the tool could strike your 
feet or legs, Figure 10-19. 


e Safety Note 
Striking dense material with 


A DIC: 


often produces chips that fly in all directions. It 
is essential that you and any other workers in 
the area wear eye protection. 


Pick/mattock: A combination tool used to break up 
compacted material. 


Pick: The pointed end of a pick/mattock that is useful 
for breaking up compacted granular material and thin 
layers of rock. 


Mattock: The wide cutting edge of the pick/mattock 
that is used to break up clay and other compacted 
material. 


Nondominant hand moves 
up handle to help lift pick. 


SS 
N 


Dominant 
hand begins 
the swing. 


Bend at the waist as 
K pick comes down 
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D = 
Nondominant hand slides 
down handle 


Pull with dominant arm 


\ 
Finish swing in the 


same position as 
when you started 


Figure 10-1 8. Using a pick. A—To achieve maximum effect, the pick is swung in a long arc. B—At the top of the 
swing, slide your nondominant hand down the handle. C—Bend your back and knees so that the point of the pick 


is perpendicular to the surface when it strikes. 


Hands too high. 
Bend more at waist. 


Figure 10-19. A pick can cause serious injury if the 
point strikes your legs or feet. 


If dense rock, asphalt, or concrete must 
be removed, you can use a sledgehammer, 
Figure 10-20, to break the material into pieces 


a aaa 
Jackhammers: Pneumatic breakers used to remove 
larger quantities of dense material. 


Figure 10-20. A sledgehammer can be used to break 
rock and concrete. (Ridge Tool Company) 


that can be removed. The procedures for safely 
using a sledgehammer are essentially the same 
as for a pick/mattock. 

Removing larger quantities of dense mate- 
rial is best accomplished with electric or 
pneumatic breakers and chipping hammers, 
Figure 10-21. The pneumatic units are commonly 
called jackhammers. A portable compressor, 
Figure 10-22, is used to provide a high volume 
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Figure 10-21. Hand-held breakers and chipping ham- 
mers powered by compressed air (pneumatic tools) 
are most common. Electric-power units are also used. 
(Sullair) 


Figure 10-22. A portable compressor provides the 
high volume of compressed air pneumatic tools need 
to operate. (Sullair) 


of compressed air at the work site for pneu- 
matic tools. This type of work is often done by 
specialty contractors. Breakers and chipping 
hammers can be fitted with various types of 
points and chisels to perform the needed work, 
Figure 10-23. 


Figure 10-23. A variety of accessories is available for 
breakers and chipping hammers. (Makita) 


Water and gas lines installed from the main 
to the building are typically made of copper or 
plastic pipe supplied in long coils. This elimi- 
nates the need for joints between the connec- 
tion at the main and the meter in the building. 
The coil of pipe is simply unrolled into the 
trench without the need for the plumber to get 
into the trench to make joints every few feet. 
Trenching for this type of installation can be 
done with a machine that excavates a trench 
only slightly wider than the diameter of the 
pipe. Because the trench is narrow, much less 
material must be removed and replaced. Small 
trenching machines do less damage to the 
surface of the ground. 


The water service pipe connecting the 
water main to a building shall be buried below 
the frost line or at a minimum of 12 inches. 
This prevents freezing of the water line and 
reduces the likelihood of damage as a result of 
cultivating or planting landscaping materials. 
| Check the local code to determine the mini- 
mum depth of the frost line in your location. 


Installing Pipe in Trenches 


Trenches for building sewers are generally 
dug several inches deeper than the level at 
which the pipe must be laid so that gravel can 
be placed in the bottom of the trench to support 
the pipe at the required slope, Figure 10-24. 
Since gravel is unlikely to settle after the trench 
is backfilled, the required slope of the pipe is 
maintained. Loose dirt should not be used 
instead of gravel to support the pipe, because it 
is likely to settle and cause misalignment or 
even breakage of the pipe. If the trench is not 
deep enough in some places or if loose material 
prevents the pipe from being placed at the 


Gravel fill 


Figure 10-24. Pipe should be firmly bedded in gravel 
so that it will not settle or shift sideways. 
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correct depth, it will be necessary to do some 
digging. This can be done with a round-point 
or square-point shovel. A short D-handle 
shovel may be easiest to use in a narrow trench. 

When the handwork is finished, a front 
loader can be used to place a small quantity of 
gravel in the bottom of the trench. Distribute 
the gravel and grade it to the desired depth 
with a shovel. As the pipe is laid, place gravel 
alongside the pipe to prevent it from moving 
sideways. This work is also done with a 
square- or round-point shovel. Place several 
additional inches of gravel over the pipe to 
protect it from rocks and other large objects 
that may be in the backfill material. The back- 
fill can be pushed into the trench with the 
bucket or blade of the backhoe. 

When water or gas lines are installed in a 
narrow trench, it is necessary to dig a larger 
hole at the point where the line joins the main. 
This work is best accomplished with a backhoe. 
If a backhoe is not available, the hole can be 
dug with shovels and other hand tools. A drain 
spade can be used to loosen the ground and a 
round- or square-point shovel can be used to 
remove the dirt from the hole. The drain or 
trenching spade will also be useful for cleaning 
out the area where the trench joins the hole. 


The first practical compact trencher was- 
developed by Ed Malzahn in 1949 while work- 


ing in his father Charlie’s machine shop in 
Perry, Oklahoma. The machine shop became 
Charles Machine Works, Inc. and the Ditch 
Witch™ was born. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1. Failure to locate underground utilities may 


resultin ____ 

A. breaking a water line 

B. cutting an electrical cable 
C. breaking a gas line 

D. A, B, and C are all correct. 


2. If a trench 45’ long and 5’ deep is needed to 
install 10-foot lengths of 4” pipe, the most 


practical excavating choice is/are 
A. hand tools 
B. a trencher 
C. a front loader 
D. a backhoe 
3. Trenches that are 
usually require shoring. 


Bes 
7 
D IA 


4. When pipe is being installed below ground 


using the cut-and-cover technique, a 
is often used to protect workers. 

A. ditch brace 

B. vertical strut 

C. trench box 

D. shield 


5. If a trench is 4’ or more deep, a ladder or 
steps that will enable workers to exit from 
the trench must be within feet of the 


work site. 
A. 100 
B. 65 
C 45 
D 25 


6. Two types of handles commonly found on 


shovels are the ___ handles. 
A. long and D 

B. long and short 

C. straight and curved 

D. regular and extra heavy 


7. A -point shovel is better for digging 


than a square-point shovel. 
A. sharp 

B. round 

C. beveled 

Di vee 


feet or more deep 


8. 


10. 


When using a shovel, the _____ should 

nearly remain straight and the _____ and 
should be used to remove the mate- 

rial being excavated. 

A. legs, arms, back 

B. arms, back, legs 

C. back, legs, arms 

D. Both A and C are correct. 


.If the dominant hand holding the 


pick/mattock handle is too high above the 
ground at the end of the swing, the pick 
may ; 

A. hit your foot or leg 

B. be broken 

C. come out of your hand 

D. rotate in your hand 

If the trench is dug too deep or if there are 
low spots in the trench, should be 
used as fill under the pipe. 

A. loose dirt 

B. large rock 

C. brick 

D. gravel 


Suggested Activities 


I 


Check the local telephone directory to find 
out whether there is a central agency that 
must be contacted before excavating in 
areas where underground utilities may be 
located. If there is no listing for such an 
agency, contact one or more of the utility 
companies in your area to determine who 
should be notified. 


. Go to a hardware store or home building 


center and investigate the variety of hand 
digging tools available. Identify the specific 
types of shovels, pick/mattocks, and spud 
bars that you find. How do similar prod- 
ucts vary in quality and cost? 


. Investigate the types of backhoes, front 


loaders, or trenchers available either from 
local rental companies or from construction 
equipment dealers. How do they differ, and 
what does it cost to rent or purchase these 
pieces of equipment? What attachments are 
available? 
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This walk-behind loader, which is equipped with a trencher attachment, is designed for use in tight spaces 
and areas with limited access. (Bobcat Company) 
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Water Supply 
Systems 


Objectives 
In this chapter, the basics of well location, types 
of wells, selection of well equipment, and 
installation of a private water supply system 
are discussed. 


After studying this chapter, you will be able to: 


e List the types of wells and explain their 
construction. 


e Describe the construction and operation of 
various types of water pumps. 


e Explain the purpose and operation of a 
pressure tank. 


Technical Terms 


Potable Impeller 

Water table Volute 

Aquifer Hydropneumatic 
Percussion method Pitless adapter 
Rotary drilling 


All the fresh water on earth is somewhere 
in the water cycle, Figure 11-1. It may be in the 
form of rain or snow, it may be surface water in 
a lake or pond, or it may be groundwater from 
a deep well. As Figure 11-1 indicates, the water 
cycle is made complete by the evaporation of 
surface water, which forms more clouds so 
more precipitation (rain or snow) can occur. 


Getting water for human use means 
tapping this water cycle. This is generally done 
in one of two ways: 


e Collecting surface water from a lake, river, 
or reservoir. 


e Drawing groundwater from a well. 


Since most cities require large volumes of 
water, they generally depend on surface water 
for their supply. However, this water is likely to 
contain pollutants that are detrimental to your 
health. Surface water generally requires 
considerable treatment before it is safe for 
human consumption. 

Buildings located beyond public water 
supply systems often use groundwater (well 
water) because it is relatively clean. However, 
well water is not necessarily potable (safe for 
human consumption). Contamination from a 
variety of sources has been documented by the 
Environmental Protection Agency (EPA). 
Recent evidence suggests that more than 50% 
of private wells failed to meet the EPA stan- 
dards for bacterial contamination. Fecal 
contamination was identified as the major 
problem. In addition to bacteria, chemical 
contamination from landfills, fertilizer runoff, 
leaking underground tanks, and careless 
disposal of toxic substances are all potential 
sources of contamination. Minerals, such as 
sulfur, present in the ground may be dissolved 
by the water and result in contamination of the 
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Figure 11-1. The water cycle makes it possible for people to repeatedly use water. The water table is the upper 


limit of the earth’s crust that is saturated. 


water supply. Chapter 12 provides a more 
detailed discussion of these problems. 


Locating a Well 


The water table is a relatively continuous 
underground surface. See Figure 11-1. Below 
this table, the sand, sand and gravel, or joined 
rock is filled with water. This area is known as 
an aquifer. The depth of the water table below 
the earth’s surface varies from a few feet to 
hundreds of feet. It tends to follow roughly the 
contour of the land. 

Accurate methods of finding the depth of 
the water table before drilling have not been 
developed. As a general rule, depth is not 
particularly important in deciding where to 
locate the well. Other factors, such as relative 
position of potential sources of contamination 
and the distance to the place where the water 
will be used, are more important. 

It is generally recommended that a well 
be no less than 100’ away from sources of 


contamination. Four potential sources of 
contamination are: 


e Septic tank leach fields. 

e Livestock feedlots. 

e Waste disposal sites. 

e Leaking underground fuel tanks. 


The well should also be located on higher 
ground so that surface water will tend to flow 
away from the well. Other things being equal, 
a deeper well is generally preferred over a 
shallow well because this allows the water to 
filter through more soil before it is pumped out 
of the well. 

In any case, the first step in locating a well 
is to consult with the state or local authority 
responsible for approving well installations. 


Potable: Water that is satisfactory for drinking and 
domestic purposes. 


Water table: A relatively continuous underground 
surface below which the sand, sand and gravel, or 
joined rock is filled with water. 


Aquifer: The water-filled area below the water table. 


Experienced, local well drillers are probably 
the best source of information about the types 
of water wells in the area, the depth of reliable 
water aquifers, the likely cost of installing the 
well, and the process of obtaining permits and 
approvals. 


History 

Between 1849 and 1854, 20,000 London 
residents died of cholera. Dr. John Snow 
demonstrated how the cases of cholera in 
Central London could all be traced to the 


“History Brief 


Thames River, which was both London’s 
source of water and its sewer. It was not until 
1876 that German doctor Robert Koch discov- 
ered the microorganism that causes cholera 
and demonstrated that cholera is a water- 
borne disease. 


Dug well well 
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Types of Wells 


The four most common types of wells are 
shown in Figure 11-2. They are: 


e Dug wells. 
e Driven wells. 
e Drilled wells. 
e Bored well. 


Each type has advantages and disadvan- 
tages. These must be considered before making 
a decision about which type of well is appro- 
priate for a given location. The earth’s structure 
in the area where the well is to be located must 
also be considered when deciding on a well 
type. Otherwise one might begin digging a 
well only to find that after many days of hard 
labor, the water is too far below the earth’s 
surface to be obtained efficiently by a dug well. 


Bored 
well 


Drilled 
well 


Permeable 
material 


Figure 11-2. The four most common types of wells. The type used depends on subsoil conditions and the depth 


of the water table. 
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Dug Wells 


Dug wells are constructed by digging a 
circular hole several feet in diameter to a depth 
somewhat below the water table. Such wells 
are seldom more than 50’ deep because of the 
difficulty of the excavation. Once the hole is 
completed, the dug well is lined with stone, 
brick, or concrete pipe to prevent cave-in. 

The dug well is very susceptible to contam- 
ination by surface water and subsurface 
seepage. Therefore, many dug wells found in 
rural areas are polluted. 


Driven Wells 


Driven wells are made by forcing a well 
point, Figure 11-3, into the ground. The well 
point is driven into the earth’s subsurface by 
repeated hammer blows. Lengths of pipe are 
added as needed. 

Driven wells are practical only when the 
soil is relatively free of rock and the water table 
is within 50’ to 60’ of the earth’s surface. They 


Figure 11-3. A typical well point uses a hard, pointed 
head to drive through subsoil. 


are relatively inexpensive. Since no excavation 
is required, there is little likelihood that surface 
water or subsurface seepage will contaminate a 
driven well. 


Drilled Wells 


Drilled wells are used where greater well 
depth is required either to reach the water table 
or to obtain the necessary volume of water. In 
addition, drilled wells are used when the 
subsurface materials are too hard to permit 
driving a well. 

The two most commonly used drilling 
methods are the percussion method and 
the rotary method. The percussion method 
uses a chisel-shaped bit that is raised and 
lowered by a cable to break up the subsur- 
face material. Figure 11-4 shows a typical 
percussion-drilling rig. 

Rotary drilling requires a drilling rig 
similar to the one shown in Figure 11-5. This 
method is more economical when the water 
table is relatively far below the surface. The 
equipment is somewhat more complicated 
than the percussion drilling rigs. A water slurry 
is used as a cutting fluid and coolant to speed 
the drilling operation. 

The driller should furnish a log (record) of 
the drilling operation that records: 


e The depth at which water was initially 
encountered during drilling. 

e The total depth of the well. 

e The type of materials (strata) that were 
penetrated during the drilling operation. 


The driller can conduct a test of the well to 
determine its capacity. 


Percussion method: Drilling method that uses a chisel- 
shaped bit that is raised and lowered by a cable to 
break up the subsurface material. 


Rotary drilling: Drilling method that is more econom- 
ical than percussion drilling when the water table is 
relatively far below the surface. 


Figure 11-4. Percussion drilling rigs use a cable to 
drop a heavy drill into the hole. This action chisels 
away subsoil. (Mobile Drilling Co.) 


Bored Wells 


Bored wells are made with an earth auger. 
The auger drills a hole that is larger in diameter 
than the well casing. After the water table has 
been reached, a well casing is inserted to 
protect the well from contamination. 
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Figure 11-5. A rotary drilling rig is more efficient than 
percussion drilling when great depths are involved. 
(Sanderson Cyclone Drill Co.) 


Types of Water 
Pumps 


Several items should be considered when 
selecting a water pump, such as: 


e Total distance the water must be pumped. 
e Vertical distance the water must be lifted. 
e Water demand. 

e Ease of maintenance. 

e Initial cost and expected life. 


The total distance the water must be 
pumped is an important factor in pump selec- 
tion. Water weighs approximately eight 
pounds per gallon. Therefore, the vertical 
distance the water must be lifted should also be 
taken into account, Figure 11-6. 

Tables are available from pump suppliers to 
estimate the volume of water likely to be 
required in a building. Factors considered in 
these tables include: 


e The number of people occupying the 
building. 
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Figure 11-6. The total vertical distance the water must be raised is a critical factor in pump selection. 


e The type of water-using devices in the 
building. 

e The need to supply water for irrigation, fire 
protection, and other special purposes. 


Once an estimate of total water demand is 
made, it will also be necessary to estimate peak 
demand so that water will not become scarce 
when it is most needed. Given these estimates, 
it is important to know that the well is capable 
of providing the required amount of water. The 
well driller can test the well to determine its 
capacity and the maximum rate at which water 
can be withdrawn. 

The next task is to decide what combination 
of pump capacity and storage tank volume best 
meets the needs. For example, when an instal- 
lation has a relatively constant demand rate 
with only a small increase during the peak 
demand periods, the pump capacity should be 
approximately equal to the average demand 
and the storage tank can be small. If, on the 
other hand, the peak demand varies greatly 
from the average demand, it is better to install 
a much larger storage tank to supply the peak 
demand and allow the pump to fill the tank 
during periods of low demand. 

In addition to the volume of water needed, 
it is necessary to know the minimum water 


pressure required. For a typical plumbing 
fixture, a minimum of thirty pounds per square 
inch is required. If special equipment is 
installed, you should be aware of its water 
pressure requirements. 

The total distance the water must be 
pumped, the number of fittings, and the speed 
at which the water is traveling through the pipe 
all contribute to friction loss. Since the pump 
must overcome friction to provide the needed 
pressure at the outlet, this loss must be taken 
into account. 

In general, pumps that are installed above 
ground are easier to maintain, repair, and 
replace than those installed in the well. The 
amount of sand in the water may cause some 
pumps to wear more quickly than others. The 
overall quality of pumps of a particular type 
can vary considerably. 

Both the initial cost and the expected ser- 
viceable life of the unit are important consider- 
ations in the selection of a pump. A few extra 
dollars spent on a quality product may reduce 
maintenance costs, as well as reduce the likeli- 
hood of the inconvenience of being without 
water. 

Only the basic types of water pumps 
are discussed in this chapter. To make a 


wise choice, study manufacturers’ literature. 
Determine the capabilities of each pump before 
making a final choice. 

Pumps can be classified in two categories 
based on the location of the principal compo- 
nents. Shallow-well pumps are installed prima- 
rily above ground, while deep-well pumps are 
installed primarily within the well casing. 
Within these two categories, four basic types of 
pumps are available. The description that 
follows illustrates the differences between the 
four types of shallow- and deep-well pumps. 


Shallow-Well Pumps 


Wells less than 25’ deep are considered 
shallow. Shallow-well pumps, or lift pumps, 
can be located at ground level and function by 
creating a partial vacuum at the pump inlet. 
Because the atmosphere exerts a pressure of 
14.7 psi on the water surface, the water is 
pushed up the pipe, Figure 11-7. Theoretically, 


Pump creates 
vacuum 


Flow 


Maximum theoretical 
lift 34 feet at 14.7 psi 
(sea level) 


Maximum practical 
lift 25’ 


Atmospheric 
pressure 

pushes water 
into evacuated 


pipe 


Figure 11-7. Lift pumps use atmospheric pressure to 
lift water as high as 25’. 
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this type of pump should be able to lift water 
34’ at sea level. However, in practical applica- 
tions, a perfect vacuum is never achieved. In 
addition, there is some loss due to the friction 
of the water passing through the pipe. 

Several types of lift pumps are available for 
shallow wells. These include: 


e Reciprocating. 
e Centrifugal. 

e Jet. 

e Rotary. 


The basic operating principles of each of 
these types of pumps is discussed along with 
their major advantages and disadvantages. 


History Brief 
Goulds Mfg. Co. manufactured the first 


cast iron pumps made in the United States in 
1839. Before that time, wood was used to 
make pumps. 


Reciprocating Pumps 
Shallow-well reciprocating pumps, shown 
in Figure 11-8, lift water by moving a piston 


Figure 11-8. Reciprocating pumps lift water by moving 
a piston back and forth in a cylinder. (Peabody Barnes) 
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back and forth in a cylinder. Figure 11-9 illus- 

trates the basic operation of a double-acting 

reciprocating pump. The advantages of shallow- 
well reciprocating pumps include: 

e Ability to pump water containing sand. 

e Adaptable to low-capacity water supplies 
where high lifts are required above the 
pump. 

e Can operate with a variety of head pressures. 

e Can be hand operated. 

e Can be installed in very small diameter 
wells. 

The principal disadvantages of shallow- 
well reciprocating pumps include: 

e Produce pulsating discharge. 

e Vibrate because of the reciprocation of the 
piston. 

e Relatively high maintenance costs. 

e Can damage the water piping system if the 


pump is permitted to operate against 
closed valves. 


Centrifugal Pumps 

Shallow-well centrifugal pumps use a 
rapidly spinning impeller to lift water. The 
impeller is a heavy disk mounted in the pump 
housing. As the impeller spins, centrifugal 
force throws water off its outer edge. This 


Outlet Outlet 


Water flow Water flow 


Figure 11-9. A double piston and four check valves 
permit a reciprocating pump to supply a steady flow 
of water. 


creates a vacuum at the center of the impeller. 
Atmospheric pressure in the well pushes water 
into the impeller to fill this vacuum. 

Figure 11-10, shows an enclosed impeller. 
Note that both sides are shrouded. Water enters 
through the hub and moves to the outer rim 
along curved ridges or passages called vanes. 
The water is thrown off the rim of the impeller 
with some force. This creates a water pressure 
that pushes the water into the water supply 
system of the building. 

Not all impellers are enclosed. They may 
take other shapes, Figure 11-11. Open and 
semi-open impellers must operate in a close- 
fitting housing. Water coming out of the 
impeller goes into a volute. A volute is a 
passage shaped like a snail shell. It wraps 
around the impeller. The passage is small at its 
beginning point but increases in cross-sectional 
area as it moves to the discharge point. See 
Figure 11-12. 

This type of pump will not operate unless 
the housing is filled with water. It must, there- 
fore, be primed by adding water before it is put 
into operation. 
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Figure 11-10. Cutaway showing impeller design of a 
centrifugal pump. 
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Impeller: A heavy disk mounted in the pump housing 
used in shallow well centrifugal pumps to lift water. 


Volute: A passage that is shaped like a snail shell and 
wraps around the impeller. 


Figure 11-11. Impellers, regardless of type, use curved 
blades to help move water. A vacuum is created when 
water inside the impeller is thrown out to the dis- 
charge side. Water from the well is sucked in to take 
its place. The impeller must be sealed against leaks. 
(Peabody Barnes) 


Since shallow-well centrifugal pumps are 
not designed for high lifts, they are located 
close to the water surface. A foot valve installed 
at the inlet end of the suction pipe keeps the 
pump full of water when it is not operating. 
This special check valve only permits flow 
from the inlet toward the pump. If water is lost, 
the pump must be primed again. 

The principal advantages of the centrifugal 
pump are: 

e Uniform output of water. 
e Pumps water containing sand. 
e Low starting torque. 


e Efficient for capacities above 50 gallons per 
minute (gpm). 
On the other hand, the centrifugal pump 
has some major disadvantages: 
e Prime is easily lost. 


e It is efficient only if the proper speed and 
outlet head pressure are maintained. 


Jet Pumps 

Like the shallow-well centrifugal pump, the 
shallow-well jet pump uses an impeller. 
The main difference is a second device, the jet 
or ejector, employed to help lift the water from 
the well. 

Some of the water leaving the impeller 
under pressure is recirculated through the 
nozzle and the venturi of the jet. This action 
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Water inlet 


Figure 11-12. Simplified cross-section of an impeller 
and surrounding volute. Centrifugal force flings water 
into the volute chambers. Water exits the volute cham- 
ber under pressure and enters a storage tank or water 
supply system. (Goulds Pumps) 


creates a vacuum at the nozzle and more water 
is pushed in from the well. 

Jet pumps with the ejector (jet) mounted on 
the pump body itself rather than down in the 
well are used for shallow well installations, 
Figure 11-13. The suction line is placed inside 
the well casing. It is fitted with a foot valve to 
prevent the pump from losing its prime. 

The chief advantages of the jet pump 
include: 


e High capacity at low head. 
e Simple operation. 
e No moving parts in the well. 


e Does not have to be installed directly over 
the well. 
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Figure 11-13. Jet pumps are frequently used in shal- 
low wells because all the moving parts can be located 
outside of the well casing. (Goulds Pumps) 


Disadvantages of this type of pump are: 
e Air in the suction line will cause pumping 
to stop. 


e Volume of water pumped decreases as lift 
increases. 


Rotary Pumps 

Shallow-well rotary pumps have a helical 
rotor driven by the pump motor, Figure 11-14. 
The helical rotor rotates inside the molded 


Rubber stator 


Figure 11-14. Rotary pumps can be used in place of 
jet pumps. 


rubber stator, forcing trapped water out the 
discharge side of the pump. 
The advantages of this type of pump are: 


e Constant discharge rate. 
e Efficient operation. 


However, sand or silt in the water will 
rapidly wear the rotor and stator. This reduces 
the pump’s efficiency. 


Deep-Well Pumps 


Wells deeper than 25’ require a pumping 
device installed within the well casing. 
Although not all the parts of the pump need to 
be in the well casing, the primary functioning 
element of the pump must be installed near the 
water table. Several of the deep-well pumps 
work exactly like the shallow-well lift pumps 
except that part or all of the pump is installed 
in the well casing. 

The most common types of deep-well 
pumps are the: 


e Reciprocating 
e Centrifugal 

e jet 

e Rotary 


Reciprocating Pumps 

Deep-well reciprocating pumps function by 
using a cylinder attached to the drop pipe. This 
cylinder must extend below the water table. To 


lift water, a plunger (piston) is inserted in the 
cylinder. The pump rod, as long as 600’, 
connects the plunger to the drive mechanism. 
The reciprocating pump is well adapted to low- 
capacity, high lift installations. The chief disad- 
vantages are: 

e High maintenance cost. 


e Noise from vibration. 


e The pump must be placed directly over the 
well. 


Centrifugal Pumps 

Centrifugal pumps for deep wells are often 
called submersible pumps, Figure 11-15. The 
multistage centrifugal pump uses multiple 
impellers. It is designed so that each impeller is 
mounted on the same shaft and rotates at a 


Figure 11-15. Submersible centrifugal pumps permit 
pumping water from considerable depths. (Goulds 


Pumps) 
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constant speed. The output of each successive 
impeller is fed into the next impeller in order to 
create the pressure necessary to lift the water, 
Figure 11-16. 

The capacity of a submersible centrifugal 
pump depends mostly upon the diameter of 
the impeller and the number of stages. The 
water pressure created is determined by the 
diameter of the impellers, the speed at which 
the impellers rotate, and the number of stages 
(impellers) in the pump. These pumps are 
often referred to by the number of stages 
(impellers) they contain. For example, a 12-stage 
pump has twelve small centrifugal pumps 
working together to pump the water. In 
general, the more stages, the greater the 
capacity to lift water. 

The advantages of submersible or deep- 
well centrifugal pumps are: 


e Uniform flow. 

e Low starting torque. 
e Self-priming. 

e Frostproof. 
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Figure 11-16. Each stage of a centrifugal pump 
increases water pressure. (Peabody Barnes) 
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Its major disadvantages are: 
e The pump must be pulled to make repairs. 


e Seals to protect electrical equipment from 
moisture are critical. 


e Abrasion from pumping sand can rapidly 
reduce efficiency. 


Jet Pumps 

Jet pumps for deep wells are installed with 
the ejector body (jet) near or below the water 
table. Jet pumps function by forcing a relatively 
small quantity of water under high pressure 
through a nozzle, where water being pumped 
mixes with the drive water, Figure 11-17. The 
drive water and the pumped water then pass 
through a Venturi tube, where the speed of the 
water decreases and the pressure increases. 
The result is that a relatively small amount of 
drive water can pump a considerable volume 
of water. 

The advantages of the deep-well jet 
pump are: 
e High volume of water at low pressure. 
e Simple operation. 
e No moving parts in the well. 


Principal disadvantages of a deep-well jet 
pump are: 
e Air in either the suction or return line will 
cause the pump to stop functioning. 


e The volume of water decreases as the depth 
of the well increases. 


Helical Pumps 

The deep-well helical pump is capable of 
lifting water as high as 500’. Its design is simi- 
lar to the shallow-well rotary pump except that 
it is submerged within the well casing. This 
pump is available with the motor mounted 
above ground, Figure 11-18, or as a completely 
submersible unit, Figure 11-19. The latter looks 
like the submersible centrifugal pump. 

Advantages of this type of pump are: 


e Constant discharge rate regardless of head 
pressure. 


e Efficient operation. 


e Only one moving part in the well (surface- 
mounted motor type only). 
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Figure 11-17. Deep-well jet pumps function because 
the ejector body is positioned inside the well casing at 
or below the water table. (Peabody Barnes) 
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Figure 11-18. A deep-well rotary pump has the motor 
mounted above ground. 


The disadvantages of a helical pump are: 
ə Rotor and stator are subject to wear. 
e The drive coupling is the weak point. 


"Professional Ti 
- Water service piping must not be installed 
in ground that is contaminated by anything that 
might degrade the piping materials. Solvents, 
fuels, and organic compounds are examples of 
contaminants that must be avoided. 


Pump Installation 


Local codes may require that pumps be 
installed by licensed workers. In any case, the 
local code and the manufacturer’s instructions 
should be followed. The following are general 
suggestions and are not intended to be a substi- 
tute for either the local code or manufacturer’s 
directions. 
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Figure 11-19. Submersible deep-well rotary pumps 
place the motor in the well. 


The depth of the components in the well is 
extremely important. If they are set all the way 
to the bottom of the well casing, it is likely that 
sediment will clog the screen and that the 
pump will wear excessively. On the other hand, 
if the pump or end of the drop pipe is too high 
in the groundwater, the well may be unable to 
recover fast enough to supply the needed 
water. The total depth of the well and the 
typical drawdown can be used to determine 
the correct depth of the drop pipe or pump. 

If the water-bearing layer is sand or other 
fine material, it will be essential to select an 
appropriate screen to prevent this material 
from entering the pump. 


Deep-Well Jet Pump 
Installation 


As described earlier in this chapter, most 
deep-well jet pumps are installed using two 
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pipes inside the well casing. When the casing is 
small, it is possible to utilize a packer-type 
ejector, Figure 11-20, which converts the well 
casing into the pressure pipe. The well casing 
adapter seals the casing at the top and provides 
an attachment for the pressure outlet from the 
pump. The compressed air passes to the inside 
of the sealed casing around the outside of the 


drop pipe. 


Submersible Pump 
Installation 


Since they are installed at the bottom end of 
the drop pipe, submersible pumps should be 
tested before they are placed in the well. 
Testing must be done in water. Running a 
submersible pump dry will damage the pump. 
Generally, these tests are done in a tank of clean 
water. 

To prevent galvanic corrosion, a dielectric 
fitting should be installed between the pump 
and the drop pipe if they are made from 
different metals. Galvanic corrosion may 
destroy either the end of the drop pipe or the 
pump if this precaution is not taken. 

Since the drop pipe for a submersible pump 
is likely to require several sections of pipe, a 
hoist must be used to lower the assembly after 
each section of pipe is added. A collar clamp 
may be used to prevent the pipe and pump 
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Figure 11-20. A one-pipe jet pump system uses a 
packer-type ejector. (Water Systems Council) 


from dropping into the well as the hoist is 
being attached to each new length of pipe. 

The electrical wiring must be completely 
waterproofed. This is particularly important at 
the connection to the pump motor. Special 
splice kits are available to ensure that this 
connection will be waterproof. As the pump is 
lowered, the electrical cable should be taped to 
the drop pipe to prevent it from becoming 
tangled and to make future removal easier. 


Sanitizing Wells 


A well must be sanitized before the pump is 
installed. The purpose of the sanitizing process 
is to overcome any unsanitary condition caused 
by the drilling operation. This does not guaran- 
tee that the water pumped from the well is 
potable. In fact, under no circumstances should 
the water be used for human consumption until 
it has been thoroughly tested. Chapter 12 pro- 
vides an overview of the types of treatment that 
are possible to overcome specific problems. 

After drilling is completed, the well driller 
must pump the drilling residue from the well. 
This operation not only removes dirt and other 
contamination, but also reduces the likelihood 
that the well pump will be damaged by sand or 
other abrasive particles. 

To chemically disinfect the well using a 
household bleach (sodium hypochlorite) solution: 


1. Prepare enough solution to treat the well. 
Use two parts of water to one part of bleach. 
Two quarts of the solution will treat 100 gal- 
lons of water. 


2. Pour the correct amount of bleach solution 
into the well casing. 


3. Install the pump and pump water from the 
well until a chlorine odor is obvious. 


4. Repeat this procedure several times at one 
hour intervals to ensure that the well is safe. 
Then, pour the solution into the well and 
allow it to stand for 24 hours. 


5. Pump water out of the well until it is entirely 
free of chlorine odor. 


Pressure Tanks 


Water supply systems must instantly 
provide water while maintaining usable pres- 
sure. To do this, some type of storage tank is 
required. Municipal water systems generally 
depend on water towers to store water and 
allow gravity to create pressure. 

Since water tower construction is expen- 
sive, this method is seldom used in privately 
owned residential water supply systems. 
Hydropneumatic tanks are much more 
economical for a small water system. The word 
hydropneumatic means that the tank contains 
both water (hydro) and air (pneumatic) under 
pressure. Figure 11-21, illustrates how this tank 
functions. Since water is nearly incompressible, 
air must be introduced into the tank. As water 
is pumped into the tank, the air is compressed. 
Once the desired air pressure (approximately 
50 psi) is achieved, the well pump automati- 
cally shuts off. The compressed air provides the 
force necessary to cause the water to flow 
through the plumbing system. As water leaves 
the tank, the air pressure is reduced. When the 
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pressure in the tank goes below a predeter- 
mined level (approximately 30 psi), the pump 
is automatically turned on. As the tank is 
refilled with water, the air is compressed until 
the high water level is reached. The volume of 
water that can be withdrawn from the tank 
before the pump is activated depends upon the 
size of the tank and the difference in the high 
and low pressure settings. Without a hydrop- 
neumatic tank, the pump would be activated 
every time any water is withdrawn from the 
system. This would cause excessive pump wear. 

The size of a pressure tank required 
depends upon three factors: 


e Pump capacity versus maximum demand. 
If the pump capacity is greater than the 
maximum demand for water, the minimum 
size tank can be selected. If, however, the 
pump capacity is less than the maximum 
demand, the tank must be large enough to 
supply that part of the maximum demand 
not supplied by the pump. 


e Operating pressure and pressure range. If 
the system will operate satisfactorily at 
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Figure 11-21. Operation of a hydropneumatic pressure tank. As the water volume builds up, so does the pres- 
sure. A separator prevents the tank from becoming “water logged.” (Goulds Pumps) 


Á 
Hydropneumatic: A system in which the tank contains 
both water (hydro) and air (pneumatic) under 
pressure. 
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lower pressure, a greater amount of water 
can be obtained from a given size tank. 


e Air control and supercharge. Supercharge 
is the amount of air pressure introduced 
into the air chamber of the tank. Increasing 
the supercharge (amount of air pressure 
introduced into the air chamber of the tank) 
increases the volume of water that can be 
drawn from the system. 


The general rule of thumb for sizing tanks 
is that the usable capacity should be twice the 
pump capacity in gallons per minute. 


Grouting the Well Casing 


The space between the outside of the well 
casing and the drilled hole must be filled to a 
depth of at least 10’ with a cement grout or 
bentonite clay grout. Bentonite clay is a natural 
product that has several advantages. It will not 
damage PVC casings because it does not 
generate heat. It does not shrink or crack. In 
fact, it tends to fill cracks that may form in the 
future. This precaution will prevent surface 
water from entering the well, Figure 11-22. 


Capping 

The top of the well casing must be sealed 
around the drop pipe to keep out contamina- 
tion. A well seal, such as the one shown in 
Figure 11-23, should be used. In climates where 
the water piping must be kept below the frost 
line to prevent freezing, a pitless adapter must 
be installed, Figure 11-24. The pitless adapter 
permits the drop pipe to go through the side of 
the well casing below the frost line. This 
opening in the well casing is sealed by O-ring 
gaskets to prevent leakage into the casing. The 
pitless adapter maintains the ability to remove 
the drop pipe and submersible pump through 
the sealed opening at the top. Note the locking 
mechanism, which seals the pipe where it 
penetrates the well casing. The lifting device 
can be attached to a well drilling rig or other 
lifting device to remove the entire discharge 
pipe from the well casing. 
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Figure 11-22. Grout around the well casing prevents 
contamination of the well by groundwater. 
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Figure 11-23. A well seal caps the end of the casing. 


Pitless adapter: Adapter used in climates where the 
water piping must be kept below the frost line to 
prevent freezing. The pitless adapter permits the drop 
pipe to go through the side of the well casing below 
the frost line. 
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Figure 11-24. A pitless unit eliminates the need for a 
well pit when the water supply piping must be main- 
tained below frost line. 
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Connecting to a 
Municipal Water 
Supply System 


In most municipalities, water is supplied 
from a central treatment plant through water 
mains to each inhabited building. When a new 
building is constructed, it must be connected to 
the water main. Using a drilling and tapping 
machine, it is possible to drill and tap the main 
without turning off the water. There is no inter- 
ruption in water supply to other buildings 
served by the water main. A description of this 
operation is included in Chapter 20. 
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Test Your Knowledge 


Write your answers on a separate sheet of 
paper. Do not write in this book. 

1. Water for human consumption is generally 
taken from the water cycleas___. (List all 
that apply.) 

A. groundwater 

B. ocean water 

C. moisture in the atmosphere 
D. surface water 

2. The top of the groundwater is called ____. 
A. bedrock 
B. the water table 
C. clay 
D. water-bearing soil 

3. Name the four most common types of 
wells. 

4. Lift pumps raise water as much as 
feet. 

As 12 
5.25 
C. 34 
D250 

5. Deep-well pumps have the lifting device 
located ; 

A. directly above the casing 
B. inside the well casing 

C. ina pump house 

D. ina pitless unit 

6. Shallow-well pumps have the lifting device 
located 
A. directly above the casing 
B. inside the well casing 
C. ina pitless unit 
D. above the well cap 

7. True or false? Reciprocating pumps make 
use of a rapidly rotating impeller to lift 
water. 

8. The type of pump that uses an ejector to lift 
water is known as a 

. jet pump 
centrifugal pump 
. rotary pump 
. closed centrifugal pump 


TOFS 


10. 


l 


12 


13: 


. Why are pressure supply tanks used in 


water supply systems? 

In order to produce a sanitary well, the well 
must be mi 

A. capped 

B. grouted 

C. treated with bleach 

D. at least 100’ from a septic tank leach bed 
E. All of the above. 

The device used to seal a well at ground 
level in areas where freezing is a problem is 
called. 

A. a packer 

B. grout 

C. a pitless unit 

D. a well seal cap 

What special precaution would you need to 
take if you wished to test a submersible 
pump? 

The valve on a drop pipe that prevents 
water from flowing back into the well when 
the pump is not operating is called a 
valve. 

. foot 

ball 

check 

. Both A and C 


Oe a 


Suggested Activities 


pl 


a 


Disassemble or study cutaways of several 
different types of water pumps. Identify the 
principal parts of each. 

Visit a well drilling site and discuss with 
the driller the procedures for locating 
water, drilling the well, installing the well 
casing, and capping the well. 


Water Treatment 


Objectives 


This chapter provides an overview of the 
contaminants sometimes found in water and 
the devices used to remove these impurities. 


After studying this chapter, you will be able to: 
e Identify potential water contaminants. 


e Describe the devices used to disinfect and 
treat water. 


e Explain how these water treatment devices 
operate. 


e Explain which devices have an effect on 
each of the contaminants. 


Technical Terms 


Pathogens Clarifier filters 
Potable Scale filters 
Liquid chlorine Activated carbon 
PH scale (charcoal) filters 
Sediment Pasteurization 


The value of a safe water supply cannot be 
overestimated. Diseases such as cholera, 
typhoid, dysentery, and gastroenteritis can be 
transmitted through the water supply by 
bacteria. Note, however, that some bacteria are 
actually beneficial to humans. Only those clas- 
sified as pathogens are considered harmful. 


Chlorination of the water supply is the most 
widely used means of killing bacteria. 

Viruses such as polio and hepatitis can also 
be carried by water. Since it is difficult to 
measure the amount of a virus in the water 
supply, the EPA has proposed that water be 
filtered to remove viruses without attempting 
to define a safe level. The idea is to remove all 
viruses. 

More recently, concern about inorganic 
substances in the water supply has increased. 
The amount of heavy metals, such as lead, 
mercury, cadmium, copper, and chromium, has 
increased as a result of industrialization. While 
some of these metals are desirable in the 
human diet in small quantities, others like lead 
and mercury accumulate in the body and may 
cause serious illness after years of exposure. 

Other inorganic compounds, such as 
nitrates, arsenic, sulfates, sodium, magnesium, 
fluoride, selenium, and calcium, may also be 
found in undesirable quantities. Like some of 
the heavy metals, a few of these inorganics are 
desirable in very small quantities. However, 
when the desired limit is exceeded, harmful 
effects may result. 

Organic chemicals such as benzene, carbon 
tetrachloride, chloroform, PCB, toluene, and 
vinyl chloride have all been discovered as 
contaminants in some water supplies. All of 
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these substances are known to be harmful to 
humans if ingested. 

Flammable gases, such as methane and 
hydrogen sulfide, may also be present. 
Hydrogen sulfide smells like rotten eggs. 
Radiation, primarily from radon gas, may enter 
the groundwater supply. Since radiation has 
been linked to cancer, concern about its exis- 
tence in the water supplies has been noted. 

Other materials or problems commonly 
found in water samples include: 


e Iron oxide. 

e Manganese. 

e Turbidity (lack of clarity or purity). 
e High or low pH levels. 


Iron oxide produces a reddish stain on 
fixtures. Calcium and magnesium result in 
“hard” water, which decreases the effective- 
ness of soaps. Water that is not clear is said to 
be turbid. High pH water is alkaline and 
produces a bad taste. Low pH water is acidic 
and more corrosive than neutral pH water. 

While plumbers are not expected to be 
experts in water testing or treatment, they will 
be called upon to install and maintain water 
treatment equipment. Water treatment installa- 
tions are no longer limited to buildings served 
by private water supply systems. Many people 
are installing water treatment equipment in 
buildings served by municipal water utility 
companies. Water softeners have been in use 
for many years. Filters and other water treat- 
ment devices are becoming increasingly 
popular as concerns increase regarding the 
quality of the public water supply. Therefore, it 
is necessary that plumbers have a general 
understanding of the types of contamination 
found in water and of the devices used to 
reduce or remove these pollutants. 


Water Contaminants 


“Pure water” does not really exist. All 
water contains gases and minerals. In fact, 
trace minerals make water taste “good.” Some 
water pollutants originate from natural 
sources, such as silt, algae, decaying plants, 


and bacteria. Underground water is likely to 
contain higher levels of calcium, magnesium, 
sodium, potassium, gypsum, fluoride, and 
even arsenic. These minerals may be dissolved 
as water passes through the earth. The type 
and quantity of dissolved minerals found at 
any one location depends on the content of the 
earth’s crust as far down as the water table. 

In addition to natural sources of contami- 
nation, industrial processes, combustion gases, 
and agricultural fertilizers are major sources of 
water pollutants. For water to be potable (safe 
for human consumption), these pollutants 
must either be removed or reduced to safe 
levels. The EPA has established standards for 
water quality. While achieving these standards 
results in a safe supply of water for nearly 
everyone, there are individuals who are partic- 
ularly susceptible to some contaminants and, 
therefore, may need even higher quality water. 
Also, some industrial processes, such as the 
production of pharmaceuticals, require 
extremely high-quality water. It is important to 
note that domestic animals, such as livestock, 
also require potable water. Permitting livestock 
to drink polluted water not only causes 
damage to their health, but some pollutants 
can accumulate in the animals and become a 
problem for people who consume milk, 
poultry, and meat products. 

Common water contaminants and sug- 
gested treatment processes are identified in 
Figure 12-1. This information should not be 
used to prescribe treatment for a particular 
problem. 

The first step in the actual design of a treat- 
ment system is to conduct a thorough test of 
the water. Based on the test results and the 
anticipated quantity of water needed, expert 
advice should be obtained to select the most 
effective treatment system. 

The discussion of water treatment in the 
remainder of this chapter includes information 
about equipment typically installed as a part of 


Pathogens: Bacteria that are harmful to humans. 


Potable: Water that is satisfactory for drinking and 
domestic purposes. 


Bacteria (pathogenic) 
Cholera, typhoid 
dysentery, giardiasis, etc 


Chlorination, pasteurization, | 
and ultraviolet radiation 
Reverse osmosis 


| Protoza parasite 


Chlorination, or super- 
Giardia lamblia, etc. 


chlorination plus filtration 


Reverse osmosis 
Chlorination, or super- | 
chlorination plus filtration 


Reverse osmosis 


| 
4 
| 
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Viruses 
| Polio, gastroenteritis, 
hepatitis, meningitis, etc. 


Se re as 


Reverse osmosis or 
' distillation 


Inorganic chemicals 
| Arsenic, asbestos, 
barium, cadmium, 
chromium, copper, 
leadt, mercury, nitrates, 
selenium, sulfates, 

fluoride, nickel, sodium, 
zinc, etc. 


Naan Na ARS 


| Organic chemicals 
Benzene, carbon tetra- 
chloride, chloroform, 
PCBs, pesticides, 
toluene, vinyl chloride 
etc. 


Activated charcoal filter 


CE wees 


Gases 
Radon 


Activated charcoal filter, 
aeration 

Activated charcoal filter, 
aeration 

Activated charcoal filter, 
oxidizing filter, or 
chlorination plus filter 


Methane 


Sulphur dioxide 


Other water problems 


Iron oxide Chlorination plus filter 


~~ Calcium Water softener, reverse 
osmosis 
Magnesium Water softener, reverse 
osmosis 
Turbidity Filter, reverse osmosis 
H j 
4 Acid Calcite filter, add soda ash 
i or caustic soda* 
Alkaline Add sulfuric acid in extreme 
: cases* 
~ Sediment | Sediment filter 


+A special cartridge filter is available to remove lead. 
*Wear goggles and gloves, pour acid slowly into water, 

use extreme caution. 
Figure 12-1. Water contaminants and possible 
treatments. 
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Liquid chlorine: This chemical, also known as sodium 
hypochlorite, may be introduced into the water 
supply by a feed pump to reduce the spread of 
bacteria-related diseases. 
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small, privately owned water treatment 
systems. This chapter also describes the devices 
used in individual buildings that provide 
secondary treatment of public water supplies. 


Disinfecting Water 


Chlorination of water has been very benefi- 
cial because it has greatly reduced the spread 
of bacteria-related diseases. Liquid chlorine 
(sodium hypochlorite), better known as laundry 
bleach, may be introduced into the water 
supply by a feed pump, shown in Figure 12-2. 
An injector, which works much like a jet pump, 
may also be used. Calcium hypochlorite tablets 
may be placed in a tank, where they are 
dissolved by a small amount of water. The 
solution is then fed into the water supply. 

The amount of chlorine required depends 
upon the composition of the water. The correct 
dosage provides some residual free chlorine 
that continues disinfecting the water as it 
travels through the system. Too much chlorine 
causes the water to taste bad. A key to the 
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Figure 12-2. This chlorinator feeds chlorine pellets 
directly into the well casing, treating the raw water 
before it enters the pump. (B&B Chlorinator) 
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chlorination process is the time chlorine has to 
react with the substances in the water. Twenty 
to thirty minutes is normally recommended as 
a minimum. Therefore, storage tank size may 
need to be adjusted to allow the chlorine to be 
effective. 

Superchlorination involves adding large 
doses of chlorine to the water. This can effec- 
tively reduce the amount of time water must be 
held in storage. Generally, superchlorination 
produces water with a strong chlorine taste. 
This taste is removed by using an activated 
carbon filter. 

In some installations, the chlorine solution 
can be injected directly into the well. This is 
accomplished by extending a feeder tube 
inside the well casing. The outlet of the feeder 
tube is located near the inlet to the pump. In 
this way, the pump, the drop pipe, and the pipe 
leading to the pressure tank, or storage tank, 
are all disinfected. The chemical feeder is wired 
to the pump, so that it operates only when the 
pump is operating. More information about 
this type of installation is presented in the pH 
balance section. 


pH Balance 


The pH scale is used to quantify levels of 
acidity or alkalinity. The scale ranges from 0 
(extremely acidic) to 7 (neutral) to 14 
(extremely alkaline). Weak acidic water (6.5) 
may cause corrosion in pipes. Alkaline water 
(above 8.5) has a caustic taste, reduces the 
effectiveness of chlorination, and causes 
deposits to form on pipes. 

Moderately acidic water (5 to 6) can be 
treated with sodium carbonate (soda-ash). 
Water that is more acidic may require the use of 
sodium hydroxide (caustic soda). 

Sodium carbonate and sodium hydroxide 
can be added with a chemical feeder. In fact, it 
is possible to combine the chemicals with chlo- 
rine and add them to the water at the same 
time. The installation of a feeder in a well 
casing is illustrated in Figure 12-3. This is 
particularly useful with acidic and alkaline 
water because it protects the pump, well 


Chemical feeder or 
chiorinator \ 


To pressure tank 


Soda ash 


Drop pipe chlorine tank 


~<— Well casing 


Chemical feeder tube 
Submersible 


pump 
Outlet near pump intake 

Pump motor 
Figure 12-3. Neutralizing acidic water in the well cas- 


ing reduces corrosion in the pump, drop pipe, and well 
casing. 


casing, and drop pipe, which carries water 
from the pump to the surface. 


"Safety Note z 
Handle carbonate and sodium hydroxide 


with extreme caution. Rubber gloves and gog- 
gles are essential. 


Iron Removal 


Ferrous iron is not visible in water until it 
oxidizes, or is exposed to oxygen. The excess 
iron emerges as reddish brown particles and 
the water appears red. Iron stains fixtures, 
discolors clothing in the laundry, and makes 
coffee and tea taste bad. In addition to iron, 
iron bacteria may also be present. These 
bacteria feed on dissolved iron and form a red 


pH scale: The scale used to quantify levels of acidity 
or alkalinity. 


substance in toilet bowl tanks. Treating the 
water with chlorine and passing it through an 
activated carbon filter generally solves the 
problem. If the iron has not oxidized, phos- 
phate can be fed into the water supply ahead of 
the pressure tank to remove iron. Higher 
concentrations of ferrous oxide may require the 
addition of manganese dioxide. Using an 
oxidizing filter charged with potassium 
permanganate is possibly the most trouble-free 
method of removing iron, Figure 12-4. These 
filters have an automatic regeneration cycle 
and require infrequent recharging. 

Manganese commonly accompanies iron in 
water contamination and produces brown 
staining. Manganese contamination often 
causes a dark film on top of the water in a toilet 
tank. The potassium permanganate charged 
filter used to oxidize iron also oxidizes 
manganese so it can be filtered out of the water 


supply. 


Hydrogen Sulfide 
Removal 


In addition to its offensive (rotten egg) 
odor, hydrogen sulfide is flammable and toxic. 
Activated carbon filters effectively remove low 
levels of hydrogen sulfide. An oxidizing filter 
that uses potassium permanganate is effective 
for higher concentrations. The most practical 
means of removing hydrogen sulfide is with 
chlorination followed by filtration. 


Sediment and 
Turbidity 


Another requirement common to privately 
owned water supply systems is the removal of 
sediment and turbidity. Cartridge filters are a 
common solution to this problem. The location 
of the filter may vary, and it is common to 
install more than one filter in a system. For 
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Figure 12-4. Potassium permanganate oxidizing fil- 
ters remove both iron and manganese. 


example, removal of sediment prior to treat- 
ment with chlorine may increase the effective- 
ness of the chlorine. If iron is also present in the 
water, filtration is necessary after chlorination 
to remove the oxidized iron particles. 


Water Treatment 
Equipment 


Equipment for chlorination, pH balancing, 
and the removal of iron, hydrogen sulfide, 
sediment, and turbidity has been installed in 
many privately owned water systems. 
Generally, these forms of water treatment are 
managed by the municipal water utility in 
cities. Additional forms of treatment are avail- 
able for installation in all structures, either to 
further reduce the levels of contaminants 
and/or remove inorganic chemicals, organic 
chemicals, and radon. Each device is presented 
and its potential application discussed. 
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History Brief i . 
Continuous chlorination of drinking water 
first began in London, England at the begin- 
ning of the twentieth century. It was so suc- 
cessful in reducing typhoid that the process 
was implemented in Jersey City, NJ, in 1908. 
Many other cities and towns across America 
| adopted the practice, and waterborne dis- | 
| eases, such as cholera, typhoid, dysentery, 
| and hepatitis A, were virtually eliminated. l 


Cartridge Filters 


A cartridge filter consists of very few parts. 
The housing holds the cartridge and provides 
an inlet and outlet for the water. The replace- 
able cartridge is the component that does the 
work. A summary of the available cartridges 
types and applications of each is presented in 
Figure 12-5. Sediment, or clarifier, filters 
remove particles from the water. The smaller 
the openings in the filter, the smaller the parti- 
cles it will remove. However, smaller openings 
clog faster and require cartridge replacement 
more frequently. The capacity or flow rate 
required should be known to select the correct 
size sediment filter. 


Sediment Suspended particles 
e ae Calcium, magnesium carbonate 


Activated carbon = | Organic compounds (including 
| Chloroform),gases i 


(taste and odor) 

Suspended particles and 
organic compounds 
Sediment, scale, and | Suspended particles, 
activated carbon magnesium carbonate, and 
4 = | organic compounds a 


ediment and 


~ S 
' activated carbon 


Sediment, organic compounds, 
chemical contaminants, 
bacteria and giardia cyst 


| Special purpose: 
| Lead 
| Lead and nitrate 


Lead removal 
Lead and nitrate removal — 


Figure 12-5. Types of cartridge filters and correspond- 
ing applications. 


Cartridge filters that remove calcium and 
magnesium are known as scale filters. They 
remove chemicals that are the primary cause of 
deposits on the insides of piping, fixtures, and 
accessories. Scale filters provide the same 
results as water softeners, but on smaller quan- 
tities of water. Their effectiveness depends 
upon how “hard” the water is and the volume 
of water running through the filter. For small 
applications, such as  icemakers and 
coffeemakers, they are very effective. A water 
softener is a more effective choice to signifi- 
cantly reduce the “hardness” of all the water 
entering a building. 

Activated carbon (charcoal) filters are 
primarily used to remove organic chemicals, 
chlorine, and gases. This type of filtration 
improves the taste of water. One cartridge may 
often contain both the activated carbon and 
sediment filters. This type of installation works 
best where the amount of sediment is limited. 
In areas with higher quantities of sediment, it is 
best to install a separate sediment filter ahead 
of the activated carbon filter to prevent the 
cartridge from rapidly clogging. One concern 
with activated carbon filters is that failing to 
replace the cartridge at appropriate intervals 
may result in bacteria growth in the filter. It is 
generally recommended to replace activated 
carbon filters and clean the filter housing at 
least every six months to prevent bacteria 
accumulation. 

Multifunction filters, which combine more 
than one filtering medium in a single cartridge, 
are sometimes used in place of two or three 
separate housings. The most common combi- 
nations are sediment/activated carbon and 
sediment/scale/activated carbon filters. The 
capacity of the multifunction filter to perform 
each of these functions is reduced because the 
single cartridge contains less of each filter type. 


Sediment filter: A cartridge filter that removes parti- 
cles from the water. Also called a clarifier filter. 


Scale filter: Cartridge filter that removes calcium and 
magnesium. 


Activated carbon (charcoal) filter: Cartridge filters 
that are used to remove organic chemicals, chlorine, 
and gases, improving the taste of water. 


However, in point-of-use locations, a well- 
designed cartridge may work effectively. The 
decision to use a multifunction filter instead of 
two or three separate special-purpose filters 
depends on the quantity of each type of 
contaminant in the water and the volume of 
water to be filtered. 

Some special-purpose filter cartridges are 
marketed to remove substances such as lead 
and nitrate. Little is known about the effective- 
ness of some of these products and care should 
be exercised when selecting them. 

Sizing of filters is very important. Cartridge 
filters are available in a variety of sizes, 
Figure 12-6. The smallest filters are intended 
for icemakers and similar devices that use very 
little water. Larger units utilize several filter 
cartridges to increase the flow capacity. It is 
extremely important to select a unit that is the 
correct size for a particular application. If the 
unit is too small, it may either clog quickly and 
reduce the flow of water, or it may erode inter- 
nally and allow unfiltered water to pass. 

The cartridge filter housings are made 
from a variety of materials, with plastics and 


Figure 12-6. A variety of cartridge filter types and 
sizes are available. A—Filter with a UV-resistant plas- 
tic housing for outdoor use. B—Filter with a clear plas- 
tic housing. C—Filter with a stainless steel housing. 
D—Small icemaker filter. (CUNO, Inc.; General 
Ecology, Inc.) 
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stainless steel being relatively common. 
Remember that the housing must be rugged 
and have a watertight seal. 

Filters intended to treat all the water 
entering a building are installed near the water 
meter. This may typically be a sediment or clar- 
ifier filter. Generally, using activated carbon 
filters is too expensive and unnecessary, except 
for drinking or cooking water. If the filter 
housing does not have a shutoff valve, one 
must be installed on the inlet to turn off the 
water when changing the cartridge. 

Periodic replacement of the cartridge is all 
that should be required. Timing is the impor- 
tant consideration in cartridge replacement. 
Some cartridges clog and reduce the flow of 
water, signaling that it is time for replacement. 
Unfortunately, damaged cartridges often allow 
unfiltered water to pass. If the contaminants 
trapped in the cartridge are forced through, 
they add to the pollution problem. Check the 
manufacturer’s recommendations and replace 
the cartridge at least as often as is recom- 
mended. The actual time between replace- 
ments varies, depending on the volume of 
water filtered and the amount of contamina- 
tion in the water. 


Water Softeners 


Excess calcium and/or magnesium in 
water causes heavy soap consumption. Scale is 
deposited on containers when the water is 
heated. Water softeners, shown in Figure 12-7, 
remove the dissolved calcium and magnesium 
by ion exchange. In simplest terms, the ion 
exchange process exchanges hard water ions 
for soft water ions. Since this ion exchange 
process is reversible, zeolite water softeners are 
equipped with an automatic regenerative 
system that allows the zeolite to be recharged 
indefinitely. Zeolites are a group of minerals 
whose natural structure and composition make 
them particularly effective in the water soft- 
ening process. Zeolite contains sodium and 
potassium ions. As raw water flows through 
the zeolite, the calcium and magnesium ions in 
the water are exchanged for the sodium or 
potasium ions in the zeolite. 
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Figure 12-7. Water softeners remove calcium and 
magnesium from the water. (CUNO, Inc.) 


Periodically, the zeolite must be regener- 
ated. This is accomplished by: 


1. Backflushing the softener to remove parti- 
cles of calcium, magnesium, and dirt. 


2. Brining the zeolite by soaking it in a brine 
solution of sodium and chloride ions. 


3. Rinsing the zeolite to remove additional 
calcium, magnesium, and other impurities. 


This entire process is controlled by a timer. 
The only periodic maintenance required is the 
addition of salt tablets. 

One problem with the zeolite water softening 
process is that it adds salt to the water. This may 
be a problem for people on a low salt diet. 

Installation of a water softener requires 
running a drain line from the softener to a floor 
drain. Make sure the appropriate air gap is 
maintained in the drainage pipe to prevent 
back siphonage. Figure 12-8 shows that three 
manual valves are installed in the piping 
leading to and from the water softener. The 
valves permit the plumbing system to operate, 
even if the water softener is removed for repair. 


Reverse Osmosis 


Reverse osmosis removes many contami- 
nants from water. However, it is a very slow 


Raw water inlet Softened water 


Bypass valve — 
utlet valve 
Fa 


' 
© © 


Inlet valve 


Siphon trap 


Drain line 


Brine line 
from salt 
tank 


Figure 12-8. Installing valves, as shown above, per- 
mits the water system to continue operating if the 
water softener must be removed for repair. 


process and a great deal of water is wasted 
cleaning the membrane filter. Raw water is 
pumped through a membrane under a pres- 
sure of 200—400 pounds per square inch. The 
membrane is so fine that only water and certain 
organic chemicals can pass through. The 
contaminants retained on the incoming side of 
the membrane are rinsed out of the chamber as 
wastewater. Small reverse osmosis units 
can be installed under a sink, Figure 12-9. 


Contaminants 
are trapped 
on membrane 


Semipermeable 
membrane 


Raw water enters Clean water 
unit under a p 
high pressure Rinse water drains away 
Water constantly 4 ; 
rinses membrane X 
Figure 12-9. A complete reverse osmosis system 
includes cartridge filters, high-pressure pump, mem- 
brane filtering chamber, storage tank, and faucet. 
(CUNO, Inc.) 


Drain 


Wastewater from a point-of-use reverse 
osmosis filter must enter the drainage system 


through an air gap or air gap device, as 
required by National Sanitation Foundation 
Standard 58. 


Pasteurization 


Pasteurization kills bacteria, protozoa, and 
viruses by heating water above 160°F (71°C) 
and maintaining this temperature long enough 
for the pasteurization to take place (generally 
less than 30 seconds). The pasteurization 
process is slow and uses a lot of electricity. A 
separate water tank must be installed to meet 
peak demands and water may become reconta- 
minated during storage. Due to its limitations, 
pasteurization is used only in specialized 
applications. 


Ultraviolet Light 


Ultraviolet light (UV) effectively kills 
bacteria by circulating a thin layer of water 
around a quartz sleeve containing the UV light 
source, Figure 12-10. Since small particles in 
the water can shield bacteria from the UV light, 
an activated carbon filter should be installed 
ahead of the UV disinfecting unit. 

The quartz tube tends to become coated 
with dirt particles and is, therefore, fitted with 
a manual or automatic wiper to clean the tube. 


Pasteurization: The process of killing bacteria, 
protozoa, and viruses by heating water above 160°F 
(ISC) 
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Ultraviolet 
lamp in 
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Disinfected water 


Figure 12-10. Ultraviolet units are available in a vari- 
ety of sizes. (American Ultraviolet Co.) 


The UV light source weakens with age. The 
more sophisticated UV disinfecting units are 
equipped with a photoelectric cell that detects 
when the UV light needs to be replaced. 
Without sufficient UV light, the photoelectric 
cell signals to stop the flow of water. 

Since there is such a variety of water disin- 
fectant and treatment equipment available, it is 
impossible to discuss the installation details for 
each unit. Therefore, the plumber must rely on 
the manufacturer-supplied directions, health 
department regulations, and the local 
plumbing code. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


íl, 


2. 


. On the pH scale, 


Name three diseases that can be trans- 
mitted by bacteria in the water supply. 
Name two viruses that can be transmitted 
through the water supply. 


. Lead, mercury, nitrates, and calcium are 


examples of that pollute the water 
supply. 

A. gases 

B. inorganic chemicals 

C. bacteria 


D. organic chemicals 


. Benzene, carbon tetrachloride, and chloro- 


form are examples of that pollute the 
water supply. 

A. gases 

inorganic chemicals 

bacteria 


B. 
Ci 
D. organic chemicals 


. If reddish stains appear on plumbing 


fixtures, it is likely that the water contains 
an 

A. excess of iron 

B. excess of calcium 

C. inadequate amount of iron 

D. excess of nitrate 


. The most commonly used process for disin- 


fecting raw water is 
A. filtration 

B. chlorination 

C. pasteurization 
D. softening 


numbers indicate 
that the water is alkaline. 

A. low 

B. intermediate 

Cr high 

D. extremely low 


. A “7” on the pH scale indicates water that is 


low 

neutral 

high 

. extremely low 


Jaw > 


O, 


ne 


2 


TS: 


14. 


. When the raw water is very acidic, a 


may be used to add soda ash or caustic 

soda to the raw water. 

A. chemical feeder 

B. cartridge filter 

C. water softener 

D. reverse osmosis filter 

If soda ash or caustic soda and chlorine are 

added to acidic water at the inlet to the 

____, the pump and pipe leading to the 

pressure tank are all disinfected. 

A. submersible pump 

B. drop pipe 

C. rotary pump 

D. Both A and B. 

For relatively low concentrations of iron 

oxide, treating the water with and 

passing it through an activated carbon filter 

will solve the problem. 

A. sodium carbonate 

B. sodium hydroxide 

C. chlorine 

D. manganese dioxide 

Removal of particles from water is accom- 

plished with a(n) 

A. activated carbon filter 

B. oxidizing filter 

C. cartridge filter 

D. water softener 

Filters that remove calcium and magne- 

sium carbonate are known as filters. 

A. activated carbon 

B. special purpose 

C. sediment 

D. scale 

An activated carbon filter removes 

A. suspended particles, organic chemicals, 

and chlorine 

organic chemicals, chlorine, and gases 

calcium, organic chemicals, and chlorine 

. organic chemicals, chlorine, and 
suspended particles 


ons 


. A filter that is too small will quickly, 


which reduces or stops the flow of water. 
A. decompose 

B. collapse 

C clog 

D. deactivate 


16. 


Iz: 


18. 


19. 


20. 


Water softeners remove 

A. calcium and magnesium 

B. calcium and organic compounds 

C. magnesium and organic compounds 

D. gases and calcium 

The process of soaking the of a water 
softener in salt is known as brining. 

A. filter 

B. generator 

C. membrane 

D. zeolite 

The process of filtering water through a 
membrane filter is known as 

A. pasteurization 

B. reverse osmosis 

C. pressure filtering 

D. regeneration 

Heating water above 160°F and main- 
taining that temperature for a short period 
of time is called 

A. pasteurization 

B. reverse osmosis 

C. pressure filtering 

D. ultraviolet treatment 

Bacteria can be killed by ____ light. 

. green 

white 

ultraviolet 


. purple 


oler 
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Suggested Activities 


iL, 


Contact a local plumbing supply company 
and obtain information about the various 
types of water treatment devices they sell. 


. Identify companies in the local telephone 


directory that specialize in the installation 
and servicing of water treatment devices 
(including water softening). Contact one or 
more of these companies to determine what 
types of equipment they sell and service. 


. Contact the local water utility to obtain 


copies of recent water quality analyses. 
Compare this information with the EPA 
standards. 


. Contact the local health department to 


determine where to send water samples for 
testing. Contact one or more of these 
companies to find out what kind of tests 
they perform, the procedures for 
conducting these tests, and the costs. If 
possible, have a test done and review the 
results. 


. Arrange a tour of the local water treat- 


ment/sewage treatment facility. 
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Plumbing fixtures, such as those shown here, are available in a variety of styles to complement their 
surroundings. 


Plumbing 
Fixtures 


Objectives 


This chapter describes many different fixtures 
designed for residential and small commercial 
buildings. 


After studying this chapter, you will be able to: 


e Recognize the materials from which fix- 
tures are manufactured. 


e Identify various fixture types. 


e Make a distinction between the different 
types of toilets. 


Technical Terms 


Porcelain Sinks 
Vitreous enamel Toilets 
Stainless steel Water closets 
Plastics Bidet 
Lavatories Urinals 


Plumbing fixtures described in this chapter 
include lavatories, sinks, bathtubs, shower 
stalls, toilets, bidets, urinals, and water foun- 
tains. The materials commonly used to manu- 
facture the various fixtures are discussed and 
then each fixture type is described with illus- 
trated examples of different models of each 
type of fixture. 


Materials Used in 
Fixtures 


Plumbing fixtures may be made from a 
single material or a combination of materials. 
Common materials and combinations include: 


e Vitreous china (vitrified porcelain). 

e Steel coated with porcelain enamel. 

e Cast iron coated with porcelain enamel. 
e Stainless steel. 

e Acrylic plastic. 

e Fiberglass-reinforced plastic. 


Porcelain, whether used alone or as a 
coating for steel or cast iron, produces a sani- 
tary, easily cleaned surface. It is manufactured 
from a combination of materials that may vary 
in composition. Essentially, it is a mixture of a 
fine clay (called kaolin), quartz, feldspar, and 
silica. 

The most expensive fixtures are molded 
vitrified porcelain, also called china or vitreous 
china. Vitrification converts a mixture of mate- 
rials to a glossy compound using heat and 
fusion. This process requires a temperature of 
2600°F (1426°C) to completely fuse the mixture 
of materials. 
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Porcelain enamel is bonded to steel or cast 
iron fixtures by fusion at a temperature above 
800°F (427°C). Porcelain enamel is sometimes 
referred to as “glass lining” or vitreous enamel. 

Alloy sheet steels for plumbing fixtures 
such as lavatories, sinks, and bathtubs are 
formed economically using a stamping pro- 
cess. Such fixtures are generally less expensive 
and less durable than those made of cast iron. 

Gray iron is ideally suited for plumbing 
fixtures. It is low in cost and can be cast in a 
wide variety of shapes. Plumbing fixtures such 
as bathtubs, sinks, and lavatories are 
frequently cast in gray iron. Porcelain enamels 
are fused to the gray iron to provide a glossy, 
decorative, protective, and sanitary coating. 

Stainless steel is durable and has a good 
surface finish. These are two characteristics 
necessary in plumbing fixtures. Stainless steel 
is a nickel-steel alloy that has a silver, satin-like 
finish. No additional coating is required to 
produce a sanitary, easily cleaned surface. 
Unlike enameled surfaces, stainless steel does 
not chip. However, because of the difficulty in 
forming stainless steel, it is primarily used to 
make simpler fixtures (such as kitchen sinks). 

Plastics are the most recent material to be 
used for plumbing fixtures. Versatile and rela- 
tively low cost, they can be shaped to form 
nearly any fixture. One-piece construction, 
including fixtures and adjoining walls for bath- 
tubs and showers, is possible using fiberglass- 
reinforced plastic. Acrylic plastic sheets with 
marbleized colors are also used in lavatories. 
Plastic fixtures are attractive and superior to 
marble fixtures because the plastic does not 
absorb water. 


Code Notes 


| Building codes require that all dwelling units 
| be equipped with toilet facilities that include a 
| water closet, lavatory, and bathtub or shower. 

| In 1829, the Tremont Hotel in Boston was | 
| th the first U. S. hotel to have indoor plumbing. | 


Lavatories and Sinks 


Lavatories are designed to be installed in 
bathrooms and other locations for washing 


hands and faces. Sinks are designed for use 
during food preparation and dishwashing. The 
size and shape of lavatories differ from sinks 
because of the differences in their uses. 
However, the installation procedures required 
are similar. 

Lavatories and sinks fall into five basic 
categories: 

e One-piece molded type, Figure 13-1. 

e Ledge type, Figure 13-2. 

e Self-rimming type, Figure 13-3. 

e Built-in with metal rim, Figure 13-4. 

e Pedestal designs have a single supporting 

leg, Figure 13-5. 

Each is available in a variety of shapes and 
styles. For example, a ledge-type corner lava- 
tory, shown in Figure 13-6, may be desirable 
where space is limited. A bar sink generally has 


Figure 13-1. One-piece molded countertop sinks are 
available in a variety of styles. (Kohler Co.) 


Porcelain: Ceramic material made of kaolin (fine 
clay), quartz, and feldspar; used for bathroom 
fixtures. 


Vitreous enamel: Material that is bonded to steel or 
cast iron fixtures by fusion at a temperature above 
800°F (427°C). 


Stainless steel: Material that is durable and has a 
good surface finish that does not chip. Primarily used 
to make simpler fixtures (such as kitchen sinks). 


Plastics: Material that is versatile and can be shaped 
to form nearly any fixture. 


Lavatory: A fixture designed for washing hands and 
faces. 


Sink: A fixture designed for use during food prepara- 
tion and dishwashing. 
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Figure 13-2. A ledge-type lavatory is hung on wall 
brackets. (Kohler Co.) 


E eee E | i 
Figure 13-5. Pedestal lavatories are supported by a 
vitreous china leg. (American Standard Inc.) 


Figure 13-3. A self-rimming sink rests on top of the 
counter. (Kohler Co.) 


Figure 13-4. This built-in lavatory has a metal rim. The 
rim supports the bowl in the countertop. 


Figure 13-6. A corner lavatory is a space saver in 
small bathrooms. (Eljer Plumbingware) 


a single bowl and is smaller than a kitchen sink. 
See Figure 13-7. It is important to determine 
the number and spacing of holes necessary for = 
the faucet before e a sink or T ‘ee drainpipe from a lavatory must be at 
Some sink faucets require an extra hole for a least 1%” in diameter. Sinks, laundry tubs, ane | 
sprayer. The spacing of the hot and cold water | Haran ae must be connected to 1% 
valve openings may be either 4” or 8” on center. sulle 


"Code Note 
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Figure 13-7. Most bar sinks are self-rimming. 
(Kohler Co.) 


Types of Faucets 


The variety of lavatory and sink faucets is 
almost limitless. Traditionally, faucets were 


4 r 


appearance. (Kohler Co.) 


made of brass with chrome plating to provide 
an attractive, easily maintained finish. In addi- 
tion to brass, other metal alloys, ceramics, plas- 
tics, and stainless steel are used to produce the 
variety of faucets currently available. Lavatory 
faucets, shown in Figure 13-8, are somewhat 
smaller than sink faucets and have a fixed 
spigot. Sink faucets have spigots that rotate to 
direct water into a second bowl. Lavatory 
faucets are often sold with a pop-up drain 
mechanism, making it possible to open and 
close the drain by pushing or pulling a rod that 
extends through the faucet. Sink faucets often 
have a pull-out spigot or a separate spray 
nozzle to aid in rinsing, Figure 13-9. Both lava- 
tory and sink faucets are available with sepa- 
rate hot and cold water valves or with a single 
lever that controls the mix of hot and cold 
water. The valve on the left controls the hot 
water. On single lever valves, moving the lever 
to the left increases flow of hot water 


Figure 13-8. Installation procedures are similar for most lavatory faucets, even though they vary greatly in 


Figure 13-9. Sink faucets have spigots that rotate to direct the water into two or more bowls of the sink. 


(Kohler Co.) 


Code Note 

Plumbing fixtures must meet standards 
specifically established for each type of fix- 
ture. The American Society of Mechanical 
Engineers (ASME), American National 
Standards Institute (ANSI), and American | 
| Society of Sanitary Engineers (ASSE) develop 
and maintain these standards. Fixtures are 
labeled with the agency abbreviation and 
corresponding standard number(s) with which 
it complies. 


Bathtubs 


Common bathtub materials include: 
e Enameled cast iron. 
e Enameled steel. 
e Fiberglass-reinforced plastic. 


The exterior surface of a bathtub must be 
durable to withstand frequent cleaning. A 
slope of 4” per foot to the drain outlet provides 
proper sanitation and reduces maintenance. 

Bathtubs are readily available in 4’-6”, 5’, 
and 5’-6” lengths, as shown in Figure 13-10. 
Tubs in larger sizes may require special 
ordering. Bathtubs are manufactured in right- 
hand and left-hand styles. The model shown in 
Figure 13-10 is a left-hand tub, as the faucet and 
drain openings are at the left end when viewed 
from the finished side. A textured surface on 
the bottom of some bathtubs provides a slip- 
resistant surface. 
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Figure 13-10. Standard bathtub lengths are shown. 
Width and depth dimensions vary based on the style 
of the tub. (Kohler Co.) 


5 -a ae 
History Brief 
The earliest bathtubs in the U.S. with run- 
ning water and a drain (mid 1800s) were 
essentially wooden boxes lined with sheet 
metal (lead, copper, or tin). 


The bath/shower combination module, 
shown in Figure 13-11 is constructed from a 
single piece of fiberglass-reinforced plastic. The 
75” high walls on this particular unit eliminate 
the need for conventional wall materials, such 
as ceramic tile. This reduces cleaning problems 
after installation, since all joints are eliminated. 
However, because of its size, installation is 
usually limited to new homes. 

Another bathtub, shower, and wall treat- 
ment combination is the three-section cove, 
Figure 13-12. The sections can be installed in an 
existing bathroom during remodeling. 
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Figure 13-11. This one-piece bath and shower unit is 
made of fiberglass-reinforced plastic. Its use is 
restricted to new construction because of its size. 
(Kohler Co.) 


Oa ESSE 
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Figure 13-12. This bath and shower unit is made in 
three small sections, so it can be used in a remodel- 
ing project. (Kohler Co.) 


Plumbers may be expected to install special 
grab bars, seats, or lift devices in bathtubs for 
individuals with physical disabilities. Design 
requirements for these devices are outlined in 
Chapters 17 and 22. Special bathtubs are avail- 
able with a door that allows individuals to 
walk directly into the tub, Figure 13-13. The 
installation of these tubs is essentially the same 
as the installation of a standard bathtub. 


Tub Faucets 


Faucets for bathtubs vary greatly in appear- 
ance, Figure 13-14, but the installation is 
similar for nearly all units. Some tub faucets 
are fitted with a diverter that directs water to 
flow through a shower head. These units are 
called tub and shower faucets. Scald-proof tubs 
or tub and shower faucets are available that 
control the temperature of the water thermo- 
statically, preventing the user from being 
burned. | 


Figure 13-13. This bathtub has a door, enabling the 
user to walk into the tub without stepping over the 
side. (Kohler Co.) 


Figure 13-14. Tub and tub/shower faucets are avail- 
able in a variety of styles. (Kohler Co.) 


“History Briet 
In 1927, the Kohler Co., introduced sets of 


matching color bathroom fixtures, in addition 
to the existing white. 


Whirlpool Bathtubs and 
Steam Generators 


Whirlpool bathtubs, Figure 13-15, pump 
water and air through jets on the inside of the 
tub. The massaging action can be very relaxing 
to the occupant. Whirlpool bathtubs are 
equipped with a pump and a compressor, as 
well as controls regulating the water/air 
velocity coming from the jets. 

Enclosed bath and shower stalls may be 
equipped with steam generators. These units 
heat water and release controlled amounts 
of steam into the stall. Generally, a small 
water supply line is required with at least one 
pipe and nozzle to deliver the steam to the 
enclosed stall. 


Shower Stalls 


Shower stalls are available in many shapes, 
sizes, and colors. Shower stall walls may be 
made of gel-coated fiberglass, enameled steel, 
glazed tile, or other waterproof materials. 

Shower stalls may be freestanding or 
built-in, as shown in Figure 13-16. One-piece 
molded plastic units are installed during 
rough-in, so that wall materials can be installed 
by other subcontractors. Built-in showers may 


Figure 13-15. Whirlpool bathtubs are available in a 
variety of sizes and shapes. (Kohler Co.) 
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Figure 13-16. A—Free-standing shower stalls are 
generally installed in one piece. B—Built-in shower 
stalls are attached to a wall for support. (Sears, 
Roebuck & Co.; Kohler Co.) 


be installed using a shower base made of 
terrazzo, fiberglass, cast stone, ceramic tile, or 
enameled steel. See Figure 13-17. These bases 
are installed during rough-in and the inside 
shower walls are finished with a variety of 
materials, including sheet plastic and ceramic 
tile. The more common sizes of shower bases 
are 30”x30”, 36”x36”, and 36”x48”. However, a 
variety of special shapes and sizes can be 
obtained. The rough-in dimensions of the unit 
being installed must be checked prior to 
installing the DWV piping. Readily available 
plumbing components, shown in Figure 13-18, 
allow a variety of shower designs to be built-in. 


Figure 13-17. Shower bases are available in a wide 
variety of shapes, sizes, and colors. (Kohler Co.) 
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Figure 13-18. Custom designed showers may include special shower heads and nozzles designed to massage 


the bather. (Kohler Co.) 


History Brief 


It is believed that showers originated with 
King Nebuchadnezzar (605-562 B.C.), when 
slaves poured water over him as he bathed. 


Some manufacturers offer a choice of bases 
in freestanding shower stalls. A high base is 
available when plumbing must be extended to 
a remote drain, where a low base is used over 
an existing floor drain. 

Shower installations that eliminate the step 
over the edge of the shower base are very 
helpful for individuals who use crutches or are 
confined to a wheelchair. Such installations are 
often custom made, with the floor of the 
shower sloping slightly away from the door. A 
floor drain outside the shower is also highly 
desirable. Like bathtub installations, showers 
for disabled individuals require grab bar and 
handrail installations. Guidelines for showers 
suitable for use by physically disabled individ- 
uals are discussed in Chapters 17 and 22. 

A typical stall with a low base is about 73%” 
high, whereas a high-base stall is usually about 
78” high. In the high-base installation, drainage 
can extend in any of four directions. Some units 
have self-caulking drains and offer knockouts 
for left or right-hand plumbing installation. 

Built-in units are assembled from corner 
panels and fill-in side panels. The panels are 
attached with an adhesive. 


Shower stall floors slope %” per foot to a 
center drain. A chrome, stainless steel, or brass 
strainer covers the drain. The strainer snaps 
and twists into place or is fastened with brass 
screws. 


Toilets 


Toilets, or water closets, are manufactured 
from vitreous china or reinforced plastic. For 
vitreous china toilets, water is added to a 
mixture of fine clay, quartz, feldspar, and silica 
until it is the consistency of soft cement. The 
mixture is poured into plaster of Paris molds 
where it is allowed to dry. A vitreous china 
toilet is cast in about 13 pieces that are skillfully 
molded into one unit by highly trained 
workers. In a final step, the completed toilet 
receives a liquid glaze and is fired to a temper- 
ature of 2600°F (1426°C). 


Thomas Twyford, an Englishman, made 
| the first ceramic, one piece, trapless, toilet in 
| 1885. Prior to this, toilets were made from 
| metal and wood. 


Toilet: A water flush plumbing fixture designed to 
carry away solid organic wastes. Also called water 
closet. 


Basic Operating Principle 


The toilet is designed to carry away solid 
organic wastes. Water, under pressure or 
gravity, is directed through passages in the 
bowl. The water scours the bowl surface and 
moves solid waste up through the trap into 
the drain. 

Removal of the solids depends on a 
siphoning action. Movement of the water 
through the downward leg of the trap causes a 
drop in atmospheric pressure at the trap outlet. 
This partial vacuum, in addition to the head of 
water from the bowl, sweeps the wastes out. 

The siphoning action continues to draw the 
water out of the bowl even after the supply 
slows to a trickle. However, as the flow 
through the trap lessens, air is allowed to rush 
into the trap. This breaks the vacuum, and 
pressure equalizes on both sides of the trap. 
The flush tank or flush valve delivers enough 
additional water to seal the trap again. 

Because of water shortages and increasing 
demands on the water supply, standards for 
toilets have changed. Older toilets required 5 or 
more gallons of water per flush. The initial 
effort to reduce water consumption established 
a 3.5 gallon per flush (gpf) standard for all 
toilets. More recently, the maximum amount of 
water a new toilet can consume has been 
reduced to 1.6 gpf. Plumbing codes require that 
a 1.6 gpf unit be installed when an older toilet 
is replaced. To meet the new standard, the 
volume of water retained in the bowl and the 
diameter of the trapway have both been 
reduced. The most successful designs maintain 
a relatively large water area in the bowl to facil- 
itate cleaning and have a fully glazed trapway 
to promote flow. 


Types of Toilets 


Pressure-assisted units employ a small 
pump to force the water into the bowl, as illus- 
trated in Figure 13-19. Part of the water flows 
through a channel and directly to the trap 
entry. The remainder of the flush water enters 
the bowl through holes under the rim of the 
toilet bowl. Pressurizing flush water can 
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Figure 13-19. Pressure-assisted toilets use com- 
pressed air to increase the flushing action of a toilet. 
(Kohler Co.) 


increase the flushing efficiency. These systems 
do, however, make more noise than gravity-fed 
units. 

The gravity-fed, rim-jet design directs all 
the water through openings under the rim of 
the toilet, Figure 13-20. The larger rim-jet open- 
ings at the front of the toilet bowl provide the 
volume of water necessary to propel the waste 
through the trap. 

A gravity-fed, siphon-jet toilet directs most 
of the flush water through the siphon jet to the 
entrance of the trapway, Figure 13-21. The 
balance of the flush water enters the bowl 
through holes under the rim, rinsing the inside 
of the toilet bowl. 


Figure 13-20. Gravity-fed, rim-jet toilets have rim jets 
on the underside of the front rim that cause the flush- 
ing action. (Kohler Co.) 
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Figure 13-21. Gravity-fed, siphon-jet toilets direct 
much of the flush water to the entrance of the trap to 
cause the flushing action. (Kohler Co.) 


Styles of Toilets 


Toilets are either floor-mounted or wall- 
hung. The floor-mounted styles, designed 
primarily for residential use, are available in a 
variety of designs and colors. Wall-hung units 
are often installed in commercial buildings to 
make restrooms easier to clean. Wall-hung 
toilets require the installation of special metal 
brackets in the wall for support. Several toilet 
styles are pictured in Figure 13-22. 

Toilets with a raised seat, shown in 
Figure 13-23, are more accessible to handi- 
capped individuals. The seat is 17” above the 
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Figure 13-23. Selected toilet models are 2” higher 
than normal. This raised seat makes it easier for some 
people to use the unit. (Kohler Co.) 


floor, compared to 15” for standard toilets. 
These toilets are required in public facilities for 
the handicapped, and may be selected for 
installation in private homes. The installation is 
essentially the same as a standard toilet. A 
slightly longer, flexible water supply may be 
required. Other differences in the installation of 
toilets for disabled individuals relate to clear- 
ances around the toilet and the installation of 
grab bars and handrails. These requirements 
are described in Chapter 17. 


Figure 13-22. Toilets are available in a variety of styles and colors. (Kohler Co.: Eljer Plumbingware) 


Bidet 


The bidet (bih-day) is a companion fixture 
to the toilet, Figure 13-24. It is used for 
personal hygiene in cleaning the perineal area 
of the body. The bidet has long been popular in 
Europe and South America, and it is gaining 
recognition in the United States. Since it is chair 
height, a bidet is particularly useful for older 
persons or those who are recovering from an 
illness, making bathing difficult. 

The user sits astride the bidet, facing the 
faucets that regulate water temperature and 
rate of flow. The bidet is fitted with a pop-up 
stopper that permits water accumulation in the 
bowl, when desired. A rim flushing action, 
similar to a toilet, rinses the bidet. 


Urinals 


Urinals, shown in Figure 13-25, are 
commonly installed in public restrooms for 
men. Since they are used frequently, urinals are 
usually fitted with flush valves, Figure 13-26. 
Flush valves eliminate the bulk of a water tank. 


Figure 13-24. A bidet provides additional personal 
hygiene when used in combination with a toilet. 
(Kohler Co.) 


Bidet: A plumbing fixture designed to facilitate 
washing the perineal area of the body. 


Chapter 13 Plumbing Fixtures 209 


Figure 13-25. Urinals are commonly installed in pub- 
lic restrooms. (Kohler Co.; Elkay Mfg. Co.) 


Figure 13-26. Flush valves are found in commercial 
buildings. They supply flush water to toilets and urinals. 
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Service Sinks 


Both wall-hung and floor-mounted service 
sinks are available, shown in Figure 13-27. 
These units are installed in custodian’s rooms 
or other locations where mops and floor 
cleaning equipment are serviced. Service sinks 
are generally made from stainless steel or cast 
iron and are fitted with faucets to which a hose 
may be attached. 


Water Fountains 


In many installations, water fountains 
supply drinking water without cooling it. 


Water fountains, Figure 13-28, provide a 
convenient source of sanitary drinking water. 
They are available in a wide variety of designs, 
nearly all of which require a 1%” drain line and 
4” or %” cold water supply piping. 

Water fountains that are wheelchair acces- 
sible, shown in Figure 13-29, are required in 
public buildings. The space below the water 
fountain makes it possible for wheelchairs to 
roll close enough for the person to drink. The 
fountain is also lower than the stand-up units. 
If the rough-in is done correctly, the water 
supply and drain piping should fit inside the 
enclosure of the unit. If the design of the foun- 
tain leaves pipe exposed below the fountain, 
the pipes need to be padded to prevent leg 
injuries to people in wheelchairs. 


Figure 13-27. Service sinks are generally located in a custodian’s room. (Elkay Mfg. Co.; Eljer Plumbingware) 


Figure 13-28. Water fountains are installed in many 
public places. (Eljer Plumbingware) 


Figure 13-29. Wheelchair accessible water fountains 
are mounted lower than standard water fountains. Any 
exposed piping must be covered or padded to prevent 
injury. (Ebco Mfg.) 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


ile 


2 


. A lavatory or sink 


Name three basic types of lavatories. 

is used to support 
a ledge-type sink or lavatory. 

A. bracket 

B. hanger 

C. pedestal 

D. post 


. Bathtubs are made from 


A. enameled cast iron 

B. enameled steel 

C. fiberglass-reinforced plastic 
D. All of the above. 


. Bathtubs are available in three standard 


lengths. These lengths are 
A. 4’, 4-6”, and 5’ 

B. 4’-6”, 5’, and 5’-6” 

C. 5,5-6”, and 6 

D. 5-6”, 6’, and 6-6” 


. Hot water is always controlled by the 


faucet handle. 


. Name the three basic types of toilets. 
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7. Urinals are generally fitted with 


valves. 
A. ball 
B. flush 
C. gate 
D. float 


Suggested Activities 


1. Study catalogs from several plumbing 


fixture manufacturers to learn about the: 

A. Variety of sinks and lavatories available 
and how the rough-in dimensions may 
vary. 

B. Variety of toilets available and how 
their rough-in dimensions may vary. 

C. Different types of bathtubs and showers 
available and how each installation may 
differ. 


2. Invite a sales representative to discuss the 


merits of the different types of plumbing 
fixtures. 


3. Invite a plumbing maintenance contractor 


to discuss the quality of various types of 
plumbing fixtures. 
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Various types of pipe and fittings are used in modern plumbing systems. This plumber is installing a PVC 
drain line. 


Piping Materials 
and Fittings 


Objectives 


This chapter introduces the various types of 
pipe and fittings used in residential and light 
commercial plumbing systems. Emphasis is 
given to materials, sizes, and applications. 


After studying this chapter, you will be able to: 
e Name the various materials used in pipe 
and fittings. 


e Suggest appropriate applications for each 
type of material. 

e Recognize and properly name various fit- 
tings and pipes. 

e List grades and sizes of pipe and fittings. 

e Interpret markings used on plastic pipe. 


Cleanouts Caps 
Two-way cleanout Flush bushings 
tees Adapters 
Wyes Stub-out 
Tys Transition unions 
Traps Hard temper 
Plugs Dielectric unions 
Fitting plug Soil pipe 
Closet flanges Unions 
Reducing closet Nipples 
flange Vitrified clay pipe 
Flush closet flange Flare fittings 
Offset closet flange Compression fittings 
Knockout test plug Lead pipe 


Pipe and pipe fittings for residential and 


Technical Terms 


Water supply system 
Drainage system 


Cross-linked poly- 
ethylene (PEX) 
Styrene-rubber (SR) 


Acrylonitrile butadi- Standard dimension 
ene styrene (ABS) ratio 
Polyvinyl chloride Nominal size 
(PVC) Couplings 
Chlorinated Reducers 
polyvinyl chloride Elbows 
(CPVC) Socket 
Polyethylene (PE) Tees 


light commercial plumbing are produced from 
a number of different kinds of materials, in 
various grades, and in many sizes. The fittings 
are of different shapes and designs to meet 
every need of the modern plumbing system. 

Each plumbing system has two sets of 
piping. One supplies fresh water, under pres- 
sure, for drinking, cooking, bathing, and laun- 
dering clothing. It is called the water supply 
system. The other carries away wastewater and 
solid waste. It is called the drainage system or 
DWV (drainage/waste/vent) system. Different 
types of pipe and fittings are required by each 
system. Figure 14-1 shows a drawing of both 
systems as installed in a building. 
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Figure 14-1. This pictorial drawing shows a typical plumbing system as it might be installed in a building. The 
water supply system is shown in blue and the drainage system is in gray. 


Generally, pipe and fittings can be classified 
as either pressure pipe and fittings or nonpres- 
sure pipe and fittings. Pipe and fittings that 
have been approved for pressure applications 
may be used for water supply piping. DWV 
installations are made with nonpressure pipe 
and fittings. In many cases, two different grades 
of pipe made from the same basic material are 
produced, one for pressure applications and the 
other for nonpressure applications. Since the 
same materials are often used to manufacture 
both pressure and nonpressure pipe and 
fittings, the following discussion is organized 
by materials. These materials include: 

e Plastic. 

e Copper. 
e Cast iron. 
e Steel. 


ə Malleable iron. 


Historically, steel, iron, clay, and some lead 
pipe were used in plumbing systems in the U.S. 
In water supply piping, copper (and later 
plastic) pipe and fittings replaced steel. Copper 
was also a popular choice for DWV piping for 
a period of time. More recently, plastic pipe 
and fittings have come to dominate DWV 
systems in new residential and light commer- 
cial installations. Although plastic and copper 
are most widely used today, it is necessary to 
know about the other materials you might 
encounter when doing maintenance and 
remodeling work in older buildings. 


Water supply system: Set of piping that supplies fresh 
water, under pressure, for drinking, cooking, bathing, 
and laundering clothing. 


Drainage system: Set of piping that carries away 
wastewater and solid waste. Also called DWV 
(drainage/waste/vent) System. 


Plastic Pipe and 
Fittings 


Ease of installation, competitive cost, and 
long service life have made plastic pipe very 
popular. The type and grade of plastic pipe 
used depends on the application. The 
following sections will outline the various 
types and grades of plastic pipe available. 


Plastic Types 


Six types of plastic materials are used to 
make nearly 90% of all plastic pipe and fittings 
produced commercially. Other kinds are made 
for a variety of special purposes other than 
plumbing. The major plastic types are 
described in this section. 

Acrylonitrile butadiene styrene (ABS) pipe 
and fittings are used primarily for drainage, 
waste, and vent piping. Two grades of ABS 
pipe, DWV and Service, are commonly used for 
residential and light commercial buildings. 
DWV is required by building codes for 
plumbing within a structure. It is available in 
diameters from 14” to 12”. Service grade may 
only be used for noncode applications. The 
grade is stamped on the pipe. See Figure 14-2. 
ABS pipe and fittings are black in color. 

Polyvinyl chloride (PVC) is commonly used 
in pressure pipe applications such as water 


Acrylonitrile butadiene styrene (ABS): Type of pipe 
and fittings that is used primarily for drain, waste, 
and vent piping. 

Polyvinyl chloride (PVC): Type of pipe and fittings 
that is often used in pressure pipe applications such as 
water distribution, irrigation, and natural gas distri- 
bution, as well as DWV piping. 

Chlorinated polyvinyl chloride (CPVC): Type of pipe 
and fittings that is suitable for piping hot water and 
some chemicals. 

Polyethylene (PE): Type of pipe and fittings that is 
used most frequently to pipe natural gas. 
Cross-linked polyethylene (PEX): Type of pipe 
and fittings that is used for hot and cold water 
supply piping and for radiant hydronic water heating 
applications. 
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Figure 14-2. The size and grade of ABS pipe is 
stamped on the pipe itself. This is a 1%”, schedule 40, 
DWV pipe. 


distribution, irrigation, and natural gas distri- 
bution. It is also used for DWV piping. PVC 
provides high impact strength, high tensile 
strength, excellent weathering characteristics, 
and high corrosion resistance to chemicals such 
as acids and alkalis. PVC pipe and fittings are 
white in color, and the pipe has identifying 
information printed along its length. Fittings 
generally have the letters PVC molded into the 
exterior of the fitting. 

PVC, DWV pipe and fittings are available 
in diameters from 1%” to 12”. PVC water supply 
piping is rated to withstand 100 psi (pounds of 
pressure per square inch) at a temperature of 
73°F. For this reason, it is not suitable for hot 
water piping. 

Chlorinated polyvinyl chloride (CPVC) is 
suitable for piping hot water and some chemi- 
cals. It is normally rated at 180°F and 100 psi 
rather than the 73°F and 100 psi rating given 
PVC. The initial use for CPVC was for hot 
water piping. However, because of its excellent 
chemical resistance, it is now available in larger 
sizes for DWV applications. CPVC is tan in 
color. Identification, including the standard 
under which it is manufactured, is printed 
along the length of CPVC pipe. 

Polyethylene (PE) is used most frequently 
to pipe natural gas. It is available in low, 
medium, and high density. The color of this 
material distinguishes it from other under- 
ground piping materials. In the past, polyeth- 
ylene pipe was orange. More recently, yellow 
has become the distinguishing color because 
communication lines have increasingly used 
orange as their identifying color. 

Cross-linked polyethylene (PEX) is used 
for hot and cold water supply piping and for 
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radiant hydronic water heating applications. 
This is a high density polyethylene that can 
withstand up to 100 psi of water pressure at 
180°F. PEX is very flexible. This characteristic 
eliminates the need for some fittings, such as 
elbows. PEX is less likely to be damaged by 
freezing than other commonly used plastic 
materials. However, it must be protected from 
sunlight, oil, grease, and organic solvents. 

PEX cannot be bonded with adhesives. 
Special fittings are manufactured for PEX that 
take advantage of the fact that its diameter can 
be expanded and then return to its original size 
after the fitting is inserted. The fittings are 
secured with a band that functions as a clamp. 

Styrene-rubber (SR) is used in septic tanks, 
drain fields, storm drains, sewers, and other 
noncritical installations. While this type of pipe 
may be available at the local building supply, it 
should not be installed in a plumbing system. 


Grades 


Schedule 40 and Schedule 80 are standards 
that were originally developed for cast iron 
DWV pipe and fittings. Plastic DWV pipe and 
fittings were introduced after cast iron, but are 
manufactured in similar shapes and sizes so 
that the design of piping systems can be essen- 
tially the same as for cast iron. Schedule 40 
plastic pipe and fittings are approved by most 
building codes for residential and light- 
commercial DWV. Schedule 80 plastic pipe and 
fittings may be required in commercial 
building. The advantages of plastic DWV 
include ease of cutting, light weight, ease of 
joining, and a smooth interior that reduces the 
likelihood of clogging. 

Schedule 40 PVC, Schedule 80 PVC, CPVC, 
and PEX are manufactured for distributing 
cold and/or hot water inside a structure. The 
label on this type of pipe may not include a 
pressure rating. However, they are approved 
for water supply piping because the standards 
for these grades of pipe include a minimum 
pressure requirement that is sufficient for 
water supply systems. Only plastic pipe that 
will withstand both elevated temperature and 
pressure is approved for hot water piping. 


Many plumbers choose to install both hot and 
cold water supply lines with CPVC rather than 
use two different types of pipe and fittings. 

Pressure-rated pipe is designed for water 
distribution systems outside of the building. 
Maximum working pressure for this pipe is 
given on the label, Figure 14-3. Pressure-rated 
pipe provides an entire system with pipe of 
uniform strength regardless of pipe diameter. 
Pressure-rated pipe is produced following the 
standard dimension ratio (SDR-11), which 
relates tube outside diameter to wall thickness. 
This pipe is sold in long coils and is most useful 
where a variety of pipe sizes must be installed. 
Municipal water lines and irrigation systems 
are two such applications. 

Plastic pipe and fittings are also used in 
applications not covered by the plumbing 
code, such as septic system leach fields, foun- 
dation drains, and storm water drains. This 
type of pipe and fittings is generally lighter in 
weight and manufactured to less exacting stan- 
dards. Pipe for septic tank leach fields is perfo- 
rated to permit water to flow from the pipe into 
the ground. Perforated pipe is also used for 
foundation drains, permitting groundwater to 
enter the pipe and flow to a sump where it can 
be pumped above ground and flow away with 
the storm water. 


Standards for Plastic Pipe 
and Fittings 


Plastic pipe and fittings used in plumbing 
systems must be manufactured according to 
standards identified in the plumbing code. 
These standards are developed, maintained, 
and enforced by independent standards associ- 
ations. A label on the item will show the associ- 
ation’s abbreviation, followed by the number 


in meen 
Styrene-rubber (SR): Type of pipe and fittings that is 
used in septic tanks, drain fields, storm drains, 
sewers, and other noncritical installations. 


Standard dimension ratio: Method by which pressure- 
rated pipe is produced. This ratio relates tube outside 
diameter to wall thickness. 


Nominal size Type of material 


YARDLEY 2” ScH.40 ass = [nS FOWY, ihe, 


Trade name Grade equivalent 
to Schedule 40 
cast iron (service 
weight would be 


labeled service) 


National Sanitation 
Foundation seal of 
approval for DWV 
application 
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Commercial ee 
standard for Plastic Pipe 
product Institute seal 


ASTM D2661 PPI 


ASTM materials 
standards 


Figure 14-3. Typical grade stamps used for Schedule 40 and Service Weight ABS pipe. Stamps for other types 


of DWV plastic pipe are similar. 


of the standard under which the product was 

manufactured. The most common standards 

association abbreviations are: 

e ASTM—American Society for Testing and 
Materials. 


e CISPI—Cast Iron Soil Pipe Institute. 
e CSA—Canadian Standards Association. 
e AGA—American Gas Association. 


e ANSI—American National Standards 
Institute. 


e ASSE—American Society of Sanitary 
Engineers. 


e NSF—National Sanitation Foundation. 
e NSPI—National Spa and Pool Institute. 


Separate standards have been developed 
for each type of piping material and fittings 
that can be used in plumbing systems. The 
following brief explanations will help you 
understand the meaning of these standards 
and the type of quality control standards that 
are in effect for these products: 

e ASTM D 1784—Regulates the chemical 
compounds used to manufacture PVC and 
CPVC pipe and fittings. 

e ASTM D 2665 and D 331—Specifies the 
testing requirements and the dimensions of 
the fittings for PVC, DWV piping. 


pA TT aS 
Nominal size: Size that is near the actual size but is 
rounded to make it easier to remember and write. 
Also called name size. 


e ASTM D 2466—Describes socket dimen- 
sions, laying length, burst strength, and 
identification requirements. 


e ASTM D 2846—Standard for CPVC pipe 
and fittings. 


e ASTM D 3965—Regulates the chemical 
compounds used to manufacture ABS pipe 
and fittings. 


e ASTM D 2661 and D 3311—Specifies the 
testing requirements and the dimensions of 
the fittings for ABS DWV. 


e ANSI/NSF 14—Includes the appropriate 
ASTM Standard and adds the requirement 
that the products must be periodically 
tested and production procedures reviewed 
by a outside agency to assure conformance 
to the standards. 


Plastic Pipe Dimensions 


The size of plastic pipe is given as a 
nominal size, rather than its actual size. The 
nominal or name size is near the actual size, but 
is rounded to make it easier to remember and 
write. The outside diameter (OD) is the most 
important pipe dimension because it deter- 
mines the size of holes that must be drilled so 
that the pipe can be installed through framing 
members. See Figure 14-4. Inside diameter (ID) 
is also given in the table, so you can see how 
the various grades of pipe differ. Wall thickness 
(WT) can be computed by subtracting inside 
diameter from outside diameter and dividing 


by two. You will note that the wall thickness of 
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plastic pipe. 


DWV is thinner than Schedule 40, which is 
thinner than Schedule 80 even though the 
outside diameters are the same. 

With the exception of PEX, plastic pipe is 
sold in 10’ lengths. PEX is flexible and it is sold 
in rolls of 100’. 


“History Brief 
During the 1960s, plastic DWV pipe and 
fittings began to be substituted for cast iron 


waste and vent systems in residential 
| structures. 


Plastic DWV Fittings 


The names of drainage/waste/vent fittings 
are the same regardless of the type of plastic 
(ABS, PVC, or CPVC) from which they are 
made. The same names are also used for 
copper and cast iron DWV fittings. The shapes, 
their names, and the method of dimensioning 


each type of fitting is presented in this section. 
In addition to the basic fittings, there are a large 
number of adapters that are used to connect 
plastic DWV piping to other types of pipe. The 
more common adapters are also described. 


Couplings and Reducers 

Couplings, Figure 14-5, are used to join two 
lengths of pipe of the same diameter. A stan- 
dard coupling has a stop halfway through the 
fitting so that the pipe will automatically stop 
at the correct depth for joining. A repair 
coupling does not have this stop, making it 
possible to replace a section of pipe that has 
been removed. Pipe cement is applied and the 
repair coupling is slipped on flush with the end 
of the existing pipe. The new piece of pipe is 


Coupling: A fitting that is used to join two lengths of 
pipe of the same diameter. 


Repair coupling: A fitting that does not have a stop 
halfway through, making it possible to replace a 
section of pipe that has been removed. 


Stop 


Coupling Repair coupling 


Figure 14-5. Note that couplings have a stop to limit 


how deep the pipe goes into the fitting. Repair cou- 
plings do not have this stop. (NIBCO, Inc.) 


put into position. Before the pipe cement has a 
chance to set, the repair coupling is slid half its 
length onto the new pipe section to complete 
the joint. Couplings are specified by the 
nominal size of the pipe they will join. For 
example, a 1%” PVC, Schedule 40 coupling will 
join two 1%” PVC, Schedule 40 pipes. 

Reducers are essentially couplings that join 
pipes of two different sizes. They are specified 
by the diameter of the pipes they will join. For 
example, a 4 x 3 ABS, DWV reducer will join a 
4” ABS, DWV pipe with a 3” ABS, DWV pipe. 


Reducer: A coupling that joins pipes of different sizes. 
Elbows: A fitting that enables pipe to turn corners. 
Also called ells. 

Socket: An enlarged fitting end with an inside diam- 
eter equal to the outside diameter of the same nominal 
size pipe. 

Street ells: Ells with one end designed to fit inside the 
socket of another fitting. 

Closet ell: A fitting with sockets on both ends that 
connects a 4” closet flange to a 3” waste pipe. 

Street closet ell: A fitting with a socket on one end that 
connects a 4” closet flange to a 3” waste pipe. 
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. Professional Tip 


Many fittings, including elbows, tees, and 
wyes, are specified by giving the diameter of | 
the sockets (or plain end), the type and grade | 
of plastic, and the name of the fitting. When | 


specifying elbows, the degree of the bend | 
should also be indicated. For example, an ABS 

DWV ell with two 3” sockets and a 22%° bend | 
would be described as a “3 x 3-22%° ABS | 
DWV ell.” | 


Elbows 

Elbows, also known as ells, enable pipe to 
turn corners. Ells with 90°, 60°, 45°, and 22%° 
bends are made with a socket at each end. A 
socket is an enlarged fitting end with an inside 
diameter equal to the outside diameter of the 
same nominal size pipe. In addition to stan- 
dard ells, there are several other patterns avail- 
able. A selection of plastic ells, together with a 
sample specification for each one, is shown in 
Figure 14-6. 

Street ells have a socket at one end. The 
other (plain) end of the fitting is the same 
outside diameter as a pipe of the same nominal 
size. It is designed to fit inside the socket of 
another fitting. Using a street ell in place of a 
regular ell eliminates the need to cut a short 
length of pipe to make a joint with another 
fitting and it enables the bend to be made 
closer to the run of pipe. 

A closet ell or a street closet ell connects a 
4” closet flange to a 3” waste pipe. Both ends of 
the closet ell are sockets. The street closet ell 
performs the same function as the closet ell. 
The only difference is that the 4” end of a street 
closet ell is a plain end rather than a socket. 

90° long turn ells and 90° long turn street 
ells provide a longer radius turn than regular 
90° ells. They are often installed at the base of a 
stack or at other locations where the waste 
piping might otherwise tend to clog. 

90° vent ells and 90° street vent ells have a 
smaller turning radius than regular ells. This 
reduces the cost of the fitting. They work fine 
in the vent portion of the piping system, 
because only air passes through the vent 
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3 x 3-90° ABS, DWV ell 
Joins two 3” ABS, DWV pipe at 90°. 


4 x 490° PVC, Schedule 80 street ell 


Joins a 3” PVC, Schedule 80 pipe to 
a3” PVC, Schedule 80 fitting socket 
at 90°. 


4 x 3-90° PVC, DWV closet ell 


Joins a 4” PVC, DWV pipe to a 3” 
PVC, DWV pipe at a 90° angle. 


30° street ell 
loset ell 


` 


° long turn ell 


4 x 4—-90° PVC, Schedule 80 long t 
turn ell 


Joins two 4” PVC, Schedule 80 pipes 
at a 90° angle. i 
3x 3-90° ABS vent ell 


Joins two 3” ABS pipes at a 
90° angle. 


w vent ell 


3 x 3—90° ABS street vent ell 


Joins a 3” ABS pipe to a 3” 
ABS-DWYV fitting socket. 
& Siren vern ell vent ell 


90° double ell double ell 


| 90° ell with side 
| inlet 


2 x 1% x 1%-90° PVC, DWV 
double eil 

A PVC double ell with two 114” 
inlets and a one 2” outlet. 


3 x 3 x 2-90° PVC, Schedule 40 ell 
with side inlet 

Joins two 3” PVC, Schedule 40 pipes — 

at a 90° angle and permit a 

2” diameter PVC, Schedule 40 pipe to 

join the ell on the side of the bend. 


| 3x 3 x 2-90° PVC, Schedule 40 ell _ 
with high heel inlet . 
Joins two 3” PVC, Schedule 40 pipes 
at a 90° angle and permit a 
2” diameter PVC, Schedule 40 pipe 
to join the ell high on the heel of j 
_ the bend. t 


ji 

| 

| 90° ell with high 
heel i inlet 


4 x 4 x 2 — 90° PVC, Schedule 40 ell 
| with low heel inlet 

Joins two 4” PVC, Schedule 40 pipe « 
| at a 90° angle and permit a 
2” diameter PVC, Schedule 40 pipe 
90° ell with low"! | to join the ell low on the heel of 
heel iniet the bend. 


Figure 14-6. The size of an elbow is noted by giving 
the dimensions of the openings. For example, 4 x 4 
street ell means a street ell with a 4” plain end and a 
4” socket. In addition to the sample of elbows shown 
in this illustration, ells and street ells are available with 
22%, 45, and 60 degree bends. (NIBCO, Inc.) 


piping. Vent ells are not permitted in the 
drain or waste portion of the DWV piping 
system because they will cause clogging. 

Double ells are somewhat like tees. 
However, the radius of the curves is larger than 
a tee and therefore double ells are less subject 
to blocking. Note the position of the fitting in 
the illustration. Double ells must always be 
installed so waste can flow smoothly from the 
two inlets to the outlet. In most double ells, all 
three sockets are the same size. However, 
because some are available with two inlets 
smaller than the outlet, it is best to specify the 
diameter of each socket. 

There are three types of elbows that have an 
additional inlet for a smaller diameter drain 
pipe. 

The 90° ell with side inlet, 90° ell with high 
heel inlet, and 90° ell with low heel inlet 
permit a smaller diameter drain pipe to join the 
ell. All three connections are sockets. The two 
sockets at the ends of the elbow are the same 
size. The side or heel inlet is for smaller pipe. 
When specifying these elbows, the diameter of 
the two larger sockets is given before the diam- 
eter of the smaller socket. 


Tees 

Tees create 90° branches in the piping or 
provide access to the inside of pipe through a 
cleanout. In the drain and waste portion of the 
DWV piping system, tees must be designed to 
provide smooth flow of waste around the 90° 
bend. A selection of plastic tees, as well as a 
sample specification for each, is shown in 
Figure 14-7. 

Sanitary tees have a curve at the inlet to 
facilitate flow and prevent blockage. Sanitary 
tees must always be used in DWV installations, 
and must be installed in the position shown. 


Double ells: A fitting with a radius of the curves that 
is larger than a tee and is therefore less subject to 
blocking. 


Tees: Fittings that create 90° branches in the piping, or 
they provide access to the inside of pipe through a 
cleanout. 


Sanitary tees: Fittings that have a curve at the inlet to 
facilitate flow and prevent blockage. 


History Brief 
The American Society of Sanitary 
Engineering began in 1906, when inspectors 
from twenty-five major cities met in an effort to 
standardize plumbing practices. In the 1940s, 
the society undertook an extensive campaign 
to convince the American public that polio is a 
waterborne disease and that faulty plumbing 
practices such as cross connection could lead 
to rapid spread of the disease. 


Sanitary street tees are similar to sanitary 
tees except that the outlet is a plain end rather 
than a socket. The only difference in the speci- 
fication from a sanitary tee is the name of the 
fitting. 

Sanitary tees with 90° right-side inlet are 
similar to a sanitary tee, except that they 
provide for the connection of a smaller diam- 
eter drain pipe at the right side of the fitting. 
Note that right side is determined by looking at 
the fitting from the inlet. To determine if it is a 
right- or left-side inlet, position the fitting so 
you are facing the socket for the larger diam- 
eter horizontal branch. It the smaller drain 
socket is on the right, it is a right-side inlet 
fitting. Also note that the 90° refers to the fact 
that the two horizontal branches will be at an 
angle of 90° to one another. Sanitary tee with 
90° right- and left-side inlets has side inlets on 
both sides. The specification for this fitting 
includes the diameter of all five sockets and the 
words right and left inlets. 

Double sanitary tees permit two horizontal 
drain or waste branches to be installed at an 
angle of 180° (straight line) to each other rather 
than 90° as with the previously described 
fittings. Double sanitary tees are used to install 
horizontal drain and waste branches from a 
stack (vertical run of pipe). 

Double sanitary tee with one 90° side inlet 
is similar to a double sanitary tee except that it 


Double sanitary tees: Fittings that permit two 
horizontal drain or waste branches to be installed at 
an angle of 180° (straight line) to each other rather 


than 90°. 
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3 x 3 x 3 PVC, Schedule 40 
sanitary tee 


Joins three 3” PVC, Schedule 40 
pipes. 


Sanitary tee 


= RRR > = mem manera ce 


2x1%x tT PVC, 

Schedule 40 sanitary street tee 
Joins two 112” PVC, 

Schedule 40 pipes to a vertical 
2” pipe. 


Sanitary street tee 


3 x 3 x 3 x 2 ABS-DWV sanitary | 
tee w/ 90° left side inlet | 
Enables a 3” and a 2” horizontal 
branch to be connected to a 

3” vertical run of pipe. 


Sanitary tee with 
90° left-side outlet 


anina ii ee eae 


4 x 4 x 3 x 3 PVC, Schedule 80 
double sanitary tee 


Has 4” sockets at the top and 
bottom to connect to the stack . 
and 3” sockets for connecting 
horizontal branches. 


; Double sanitary tee 


jpam ANEO E 


4x4x3x3x2x2 PVC, 
Schedule 80 double sanitary tee 


Has 4” sockets at the top and 
bottom to connect to the stack 
and 3” sockets for connecting 
horizontal branches. 


Double sanitary tee 
with two 90° side 
inlets 


nlm anmemcote in Uana Tamen hie 


2x2x1%PVC, Schedule 40 
vent tee 

Will connect a 112” PVC, 
Schedule 40 pipe at a 90° angle 
to a 2” run of PVC, Schedule 40 
pipe. 


4x4PVC, Schedule 40 test tee 


Has two 4” sockets to connect 
to a 4” run of PVC, Schedule 40 


pipe. 


Test tee (cleanout 
| with plug) 


Figure 14-7. For DWV installations, sanitary tees must 
be used. They have a curve at the inlet to help prevent 
blockage. (NIBCO, Inc.) 
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has a side inlet to connect a smaller drain at a 
90° angle to the larger horizontal drain/ waste 
connections. There is no need to distinguish 
between right and left side opening because 
the fitting can be rotated around the stack to 
achieve either arrangement. 

Double sanitary tee with two 90° side 
inlets is essentially the same as the previous 
fitting except that it has two side inlets. 

A fixture tee is used on stacks to provide a 
connection for a threaded pipe or fitting. The 
horizontal inlet has an internal or female 
thread, as indicated by the abbreviation FIPT, 
which stands for female iron pipe thread. 
The specification for this fitting is written as 
“2 x 2 x 1% FIPT, ABS, DWV fixture tee.” 

Double fixture tees are similar to double 
sanitary tees. All four connections are sockets, 
but the radius of the bend from horizontal to 
vertical is larger than is the case with sanitary 
tees. Both horizontal inlets have FIPT. Fewer 
sizes of double fixture tees are available. 

Vent tees are to be installed only in the vent 
portion of a DWV piping system. They are 
similar in design to a vent ell and would cause 
blockage of the piping system if they were 
installed in the drain or waste portions of the 
system. 

Test tees or cleanouts provide openings 
into the DWV piping system. These openings 
may be used when testing the plumbing 
system. They also provide an opportunity to 
insert a snake or other cleanout tools to remove 
blockage that may occur in the future. 

Two-way cleanout tees are installed in 
locations where it could be advantageous to 
insert a snake or other cleanout tool going in 
either direction from the cleanout. This fitting 
is available either with all 3” or all 4” sockets. 


Wyes 

Wyes, shown in Figure 14-8, enable a 
branch to join a run of pipe at a 45° angle. A 
street wye is essentially the same fitting, except 
that the outlet is a plain end rather than a 
socket. To create a specification for this fitting, 
add the word street to the name of the fitting. A 
double wye is different from a standard 45° 
wye only by the fact that it has two sockets at a 
45° angle to the straight run of pipe. 


45° wye 45° street wye 


45° double wye 


Figure 14-8. Wyes create branches at a 45° angle to 
a straight run or pipe. They may be installed horizon- 
tally, such as below a concrete floor, or vertically ina 
stack. (NIBCO, Inc.) 


TYs 
Figure 14-9 shows TYs, which are similar to 
sanitary tees in their function. The long radius 


Fixture tee: Similar to a sanitary tee, with FIPT at the 
horizontal inlet to provide a connection for a threaded 
pipe or fitting. 

Double fixture tee: A fitting in which all four of the 
connections are sockets, but the radius of the bend 
from horizontal to vertical is larger than is the case 
with sanitary tees. Two horizontal inlets have FIPT. 


Vent tees: Fittings installed in the vent portion of a 
DWV piping system that would cause blockage of the 
piping system if they were installed in the drain or 
waste portions of the system. 

Test tees: Fittings that provide openings into the DWV 
piping system. Also called cleanouts. 


Two-way cleanout tees: Fittings that are installed in 
locations where it could be advantageous to insert a 
snake or other cleanout tool going in either direction 
from the cleanout. 


Wyes: Type of fitting that enables a branch to join a 
run of pipe at a 45° angle. 

Street wye: Type of wye in which the outlet is a plain 
end rather than a socket. 


Double wye: Fitting that is like a standard 45° wye 
except it has two sockets at a 45° angle to the straight 
run of pipe. 


Long-radius TY Double long-radius TY 


Figure 14-9. To improve the flow of waste around cor- 
ners in the DWV piping system, a TY may be used. 
(NIBCO, Inc.) 


bend from the horizontal branch connection to 
the vertical pipe reduces the likelihood of clog- 
ging and makes it easier to use drain-cleaning 
equipment should a blockage occur. TYs are 
available in two patterns. Long-radius TYs are 
specified by giving the diameter of the sockets, 
the type and grade of plastic, and the name of 
the fitting. A double long-radius TY is essen- 
tially the same as a long radius TY, except that 
it has sockets for two horizontal branches. 


Traps 

Traps are installed in DWV piping systems 
to create a water seal that will prevent gases 
from entering the building from the sewer. 
Traps for lavatories, sinks, and other fixtures 
that are installed after the walls are enclosed 
use a slip joint connection at the point where 
they connect to the permanent DWV piping. 
Traps are typically installed as a part of the 


TYs: A fitting consisting of a long radius bend from 
the horizontal branch connection to the vertical pipe, 
which reduces the likelihood of clogging and makes it 
easier to use drain-cleaning equipment should a 
blockage occur. 

Long-radius TYs: A pattern of TY that is specified by 
giving the diameter of the sockets, the type and grade 
of plastic, and the name of the fitting. 

Double long-radius TY: A pattern like the long-radius 
TY which has sockets for two horizontal branches. 
Traps: A fitting that creates a water seal that will 
prevent gases from entering the building from the 
sewer. 

P-trap: A type of trap that has the same size socket at 
both ends and is specified by the diameter of the 
sockets. 
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permanent DWV piping system for shower 
bases, bathtubs, floor drains, and standpipes 
for washing machine drains. 

Traps are available in five different 
versions, Figure 14-10: 


e The simplest version of the P-trap has the 
same size socket at both ends and is speci- 
fied by the diameter of the sockets. 


e AP-trap with a slip joint (SJ) connection at 
the inlet and a socket at the outlet is speci- 
fied by nominal socket and slip joint diam- 
eter. For example, a “1% x 14 SJ ABS, DWV 
P-trap” is a common size. 

e A P-trap with a cleanout and plug is speci- 
fied by adding “Cleanout w/ plug” to the 
specification. 


e AP-trap with a union joint makes it easier 
to disassemble the fitting for cleaning. 
The inlet is a slip joint connection and may 
be purchased with a plastic, brass, or 
chrome nut. 


P-trap 


P-trap with cleanout P-trap with union joint 


Swivel drum trap 


Figure 14-10. Traps create a water seal to prevent 
sewer gases from entering a building. If a trap has a 
slip joint (SJ) at one end, the slip joint must be acces- 
sible in the finished installation. (NIBCO, Inc.) 
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e Swivel drum traps are also available. They 
have a cleanout, and they swivel at the 
center of the barrel to provide flexibility for 
connecting the inlet and outlet piping. The 
fixture drain enters at the bottom socket 
and the top socket is connected to the DWV 
piping. One advantage of this device is that 
it is more likely than a P-trap to retain valu- 
ables such as rings that may get into a 
shower or tub drain. 


Other Fittings 

Plugs are used to close threaded openings. 
Threaded plugs have a square nut on the front so 
they can be installed or removed with a wrench. 
This is the type of plug that is installed in a 
cleanout. They are specified by nominal dia- 
meter and the type of thread is indicated with 
the abbreviation MIPT (male iron pipe thread). 
Fitting plugs are cemented into the socket of a 
fitting. They are specified by the nominal dia- 
meter of the socket into which they fit. 

Closet flanges are used to connect a water 
closet (toilet) to the waste piping. A closet 
flange is cemented to the waste pipe and 
securely fastened to the floor. Bolts can be 
installed in the slots of the flange when it is 
time to bolt the toilet to the floor. Closet 
flanges, Figure 14-11, are available in a variety 
of styles. The simplest type is an all-plastic 
fitting that has a 4” socket for connecting to 4” 


Closet flange Reducing flange 


Offset closet flange 


Figure 14-11. Closet flanges are available in several 
styles. Those with a steel rim provide a stronger con- 
nection for attaching the toilet. (NIBCO, Inc.) 


DWV piping. The reducing closet flange is used 
with 3” DWV piping. The flush closet flange is 
designed to fit either outside of 3” pipe or 
inside 4” pipe. An offset closet flange can be 
installed on 3” pipe and it can shift the center of 
the pipe opening 1%”. This can be enough to 
overcome a minor error in the location of the 
pipe. Both standard and reducing closet 
flanges are available with a knockout test plug. 
This feature not only eliminates the need to 
plug the closet flange during testing, but it also 
prevents anything from getting into the DWV 
piping that could cause clogging or other 
damage. A feature that is available on most 
types of closet flanges is an adjustable plastic- 
coated steel flange that provides superior 
anchorage for the closet bolts. By using 
adjustable closet flanges, the plumber does not 
need to be concerned about the alignment of 
the slots for the closet bolts until after the 
cemented joint is cured. 

Caps are used to close the ends of pipes. 
They are sold in the same nominal sizes as 
pipe. See Figure 14-12A. 

Flush bushings, Figure 14-12B, reduce the 
size of sockets. They are specified by listing the 
diameter of the socket into which bushing fits, 
followed by the nominal diameter of the 
bushing’s socket. For example, a “3 x 2 ABS, 
DWYV flush bushing” has a plain end that will 
fit into a 3” socket and makes it possible to join 
a 2” pipe to the socket. 


Swivel drum traps: A trap that has a cleanout, and 
they swivel at the center of the barrel to provide flexi- 
bility for connecting the inlet and outlet piping. 


Plugs: Type of fitting that is used to close socket 
openings. 

Fitting plug: Type of plug that is specified by the 
nominal diameter of the socket into which it will fit. 
Closet flanges: A fitting that is used to connect a water 
closet (toilet) to the waste piping. 


Knockout test plug: A fitting that eliminates the need 
to plug the closet flange during testing and prevents 
anything from getting into the DWV piping that could 
cause clogging or other damage. 


Caps: Fittings used to close the ends of pipes. 


Flush bushings: Fittings used to reduce the size of 
sockets. 


Cap Flush bushing 


Figure 14-12. Caps are often used to close the ends 
of pipe so that the system can be pressure tested. 
Flush bushings are used when the correct size fitting 
is not available. (NIBCO, Inc.) 


Adapters 

Adapters, Figure 14-13, are used to connect 
DWV piping system to other types of DWV 
piping materials and fixture traps, or to convert 
a fitting socket to a cleanout. Four different 
types of adapters are in common use: 


e Fittings that are simply called adapters are 
used to join plastic pipe with threaded pipe. 
They are distinguished from other adapter 
types by specifying the type of thread that 
is needed. External threads are specified by 
the abbreviation MIPT (male iron pipe 
thread). Internal threads are identified with 
the abbreviation FIPT (female iron pipe 
thread). Adapters are available in sizes 
from 1%” through 4”. A typical specification 
is written as “Adapter 2 x 2 MIPT.” 


e Soil pipe adapters are used to connect 
plastic pipe to cast iron soil pipe. One end 
of this adapter is a socket that fits the plastic 
pipe. The other end is either a plain end or 


Adapters: Types of fittings that are used to connect 
DWV piping system to other types of DWV piping 
materials and fixture traps, or to convert a fitting 
socket to a cleanout. 


Soil pipe adapters: Adapters that are used to connect 
plastic pipe to cast iron soil pipe. 

Trap adapter: Adapter that has a 1%” or 1%” slip joint 
connection at the inlet and an outlet that will be either 
a plain end to fit into a fitting socket or a socket that 
will connect to 1%”, 14”, or 2” DWV pipe. 


Cleanout adapters: Adapters that convert a fitting 
socket to a cleanout. 
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Adapter (MIPT) Adapter (FIPT) 


Soil pipe adapter Trap adapter 


Cleanout adapter 


Figure 14-13. Some of the more common types 
of adapters that are available. Adapters allow two 
different types of piping systems to be connected. 
(NIBCO, Inc.) 


a socket that connects to the soil pipe. There 
are two versions of the plain end — one is 
for bell and spigot cast iron pipe, and the 
other is for no-hub cast iron pipe. 


e Trap adapters have a 1%” or 1%” slip joint 


connection at the inlet. At the outlet will be 
either a plain end to fit into a fitting socket 
or a socket that will connect to 1%”, 1%”, or 
2” DWV pipe. The nut for the slip joint 
connection is available in plastic, brass, or 
chrome. A typical specification reads as 
“PVC, DWV trap adapter 2 x 14 w/ brass 
que. 


e Cleanout adapters convert a fitting socket 


to a cleanout. They are available in sizes 
from 1%” through 6”. A typical specification 
for this fitting is written as “ABS/DWV 
cleanout adapter 2 x cleanout w/plug.” 
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Code Note : 
| The following types of joints are typically — 

prohibited in drainage piping: 

e Cement or concrete. 

e Solvent-cement joints between different 

types of plastic pipe. 

e Saddle-type fittings. 

(A Hoipauedihitumigous 


Plastic Pressure (Water 
Supply) Fittings 


Schedule 40 and Schedule 80 pipe and 
fittings are suitable for cold water piping. 
CPVC and PEX will withstand 100 psi at 180°F 
and are approved for both hot and cold water 
piping. For most residential and light commer- 
cial water supply systems, 4”, %”, and possibly 
1” pipe and fittings will be adequate to meet 
code requirements. Sizing water supply piping 
is discussed in Chapter 21, Designing Water 
Supply Systems. Unlike the DWV system, the 
water supply system is under pressure and 
there is nothing in the water that might cause 
blockage at the joints. For these reasons, there 
are fewer types and variations of pressure 
fittings than there are DWV fittings. Typical 
water supply fittings include elbows, tees, 
couplings, and adapters. These fittings are 
described in this section. 


Couplings 

Couplings are used to join two pipes of 
the same diameter in a straight line. If two 
different types of pipe are to be joined, an 
adapter that is compatible with both types of 
pipe is required. Reducers, which are some- 
times called reducing couplings, look like 
couplings and are designed to join pipes of two 
different sizes made from the same type of 
material. For example, a “% x % PVC, Schedule 
40 Reducer” will join a 4%” PVC, Schedule 40 
pipe and a %” PVC, Schedule 40 pipe. 


Elbows 
Elbows, or ells, Figure 14-14, allow piping 
runs to turn corners. Ells that join two pipes of 


90° ell 45° street ell 


Figure 14-14. Pressure elbows and street elbows are 
available in both 90° and 45° bends. (NIBCO, Inc.) 


the same size and type are specified by giving 
the diameter of the pipe, the degree of turn, 
and the type and grade of the pipe. For 
example, a 4-45° PVC, Schedule 40 ell will join 
two %” PVC, Schedule 40 pipes at a 45° angle. 
Reducing elbows are similar to regular elbows 
in appearance, but they have one socket that is 
smaller than the other. The 90° reducing elbow 
is available in a limited number of sizes. Most 
likely to be used in residential and light 
commercial installations is the % x % size. A 90° 
drop-ear ell is like a regular ell but includes 
lugs with mounting holes so it can be fastened 
to wall framing or other parts of the building 
structure. The drop-ear ell is often installed at 
the point where the water supply piping turns 
to come through a wall. 


Tees 

Tees, Figure 14-15, connect three pipes in a 
“T” configuration. The pipe that is at a right 
angle to the other two pipes may be thought of 
as a branch. Reducing tees look like regular tees 


= 


Figure 14-15. Pressure tees connect three pipes at a 
right angle to each other. Compare the straight lines of 
this fitting to the curved inlet of the sanitary tee shown 
in Figure 14-7. (NIBCO, Inc.) 


but have at least one socket that is smaller than 
the others. The dimensions of a reducing tee 
are given in a particular order. The dimensions 
of the sockets that are directly opposite each 
other are given first followed by the dimension 
of the socket for the branch pipe. For example, 
a “AX % x% CPVC tee” connects two %” CPVC 
pipes in a straight line and a 4” CPVC pipe at a 
90° angle to the %” run of pipe. A “% x 4 x ¥ tee” 
connects a %” and a %” pipe in a straight line 
and %” pipe at a 90° angle to the other two 


pipes. 


Other Fittings 

Bushings reduce the size of a socket. The 
bushing you are most likely to use is the % x ¥. 
This size bushing reduces the size of a %” socket 
so that a 4” pipe can be installed. 

Caps are used to close pipe ends. One 
common use of caps is to install them on stub- 
outs so that the water supply piping can be 
tested. A stub-out is a short length of pipe that 
extends through the drywall (sheetrock) or 
other wall material to permit a faucet to be 
connected. The cap is cut off at the time when 
the fixture and faucet or valve are installed. 

Adapters, Figure 14-16, make it possible to 
connect metal pipe or fittings to plastic pipe. 
Female adapters have one socket with a female 
iron pipe thread (FIPT), and the other socket 


\ is pad 
sa ‘ ae 


Male adapter (MIPT) Female adapter (FIPT) 


Figure 14-16. Pressure fitting adapters make it possi- 
ble to join threaded pipe or fittings to plastic water sup- 
ply piping. (NIBCO, Inc.) 


Stub-out: A short length of pipe that extends through 
the drywall (sheetrock) or other wall material to 
permit a faucet to be connected. 


Transition unions: A fitting that connects to different 
types of pipe and can be disassembled and reassem- 
bled by loosening or tightening the hex nut that holds 
the two parts of the fitting together. 
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cements to the plastic pipe. The male adapter is 
similar, except that it has a male iron pipe 
thread (MIPT) on one end. Because the expan- 
sion rate of plastic is different from the metals 
used for plumbing, it may be difficult to keep 
these fittings from leaking. For this reason, 
special transition fittings have been developed 
that are part plastic and part metal. The 
“Female adapter (CPVC socket x copper FIPT)” 
is recommended in place of the female adapter. 
The “Male adapter (CPVC socket x copper 
MIPT)” is preferred to the male adapter. A “90° 
drop ear ell (CPVC socket x bronze FIPT)” is 
also available to replace the standard drop ear 
ell. All of these fittings are designated by the 
nominal diameter of the plastic pipe connected 
to them. 

Like adapters, transition unions are used to 
connect two different types of pipe. The differ- 
ence is that a union can be disassembled and 
reassembled by loosening or tightening the hex 
nut that holds the two parts of the fitting 
together. See Figure 14-17. Code normally 
requires installation of transition unions at the 
connection of a water heater to plastic pipe. A 
minimum of 12” of metal pipe is typically 
required between the water heater and the 
CPVC pipe. The joint between the two types of 
pipe is made with a transition union. The union 
makes connection simpler and easier when 
replacing a water heater. Transition unions are 
available in a number of patterns. The more 
commonly used are for joining CPVC/PVC 
and copper pipe (CPVC or PVC Socket x Brass 
Solder), CPVC/PVC and threaded steel pipe 
(CPVC or PVC x Brass FIPT) or (CPVC or PVC 
x Copper MIPT). 


Union (solder joint) 
Figure 14-17. Transition unions connect two different 
types of pipe and allow disassembly and reassembly 
without cutting the piping system. (NIBCO, Inc.) 


Union (MIPT) 
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PEX Fittings 


PEX fittings are made from copper. They fit 
inside the PEX tubing and are secured with a 
crimp ring using a special crimping tool, 
Figure 14-18. Because PEX is flexible, only a 
limited number of fittings are needed. The PEX 
fittings shown in Figure 14-19 are used to 
connect two or three PEX tubes together. 
The plug is used to block the opening in the 
end of a tube. Other fittings are designed to 
connect PEX to other types of materials. See 
Figure 14-20. 


History Brief 


An Egyptian temple built around 2500 BC © 
included sinks with outlet pipes made from %6” 
thick sheet copper. A lap joint seam was used 
to make the pipe watertight. 


Copper Pipe and 
Fittings 


Copper pipe and fittings are available in the 
same nominal sizes and patterns as plastic pipe 
and fittings. For this reason, the discussion of 
the various shapes and how they are specified 
will be less detailed in this section. You may 
find it useful to review the details presented in 
the section on plastic pipe and fittings. 


Figure 14-18. A crimping tool is needed to properly 
install the crimp rings on PEX fittings. (NIBCO, Inc.) 


4” PEX Coupling 
Joins two %” PEX tubes ina — 
‘straight line. 


= 


! Coupling (PEX x PEX) 


ti 


Elbow (PEX x PEX) 


A, 


Tee (RE x Gimi x < PEX) 


y=- 


| Plug (PEX) 


Losmen 


Figure 14-19. Only four types of PEX fittings are 
required to join PEX tubing. (NIBCO, Inc.) 


There are four types of copper water pipe, 
Figure 14-21, or copper tubing, as it is also 
often called. In the order of weight, heaviest to 
lightest, the types are designated as K, L, M, 
and DWV. The weight refers to thickness of the 
wall—heavier pipes have thicker walls. The M 
and DWV grades are primarily used for DWV 
applications. Most plumbing codes require 
Types K and L for pressure applications. 

Pipe size, set by the American Society for 
Testing and Materials (ASTM), is nominal. As 
noted earlier, nominal size is a convenient 
“name” for the actual dimension of the item. 
The actual size may be either slightly bigger or 
smaller than the nominal size. The outside 
diameter of copper pipe is always 4” larger 
than the nominal dimension. Inside diameter 


| 4x 3⁄4 FIPT - PEX female 
adapter 

Joins %” PEX tube in a straight 
line with %4” male iron pipe 

= thread. 


Female adapter 
(PEX x FIPT) 


_ | %x%MIPT - PEX male adapter — 
| Connects 2” PEX tube ina . 

_ Straight line with 1⁄2” female iron 

-pipe thread. 

Male adapter | 

(PEX x MIPT) | 


Ye x V2 swivel FIPT - PEX 
| coupling 

| Joins %” PEX in a straight line 
with 1⁄2” male pipe thread. 


Coupling 
(PEX x Swivel FIPT) 


Ya x Ve swivel-PEX faucet elbow 
Connects 1⁄2” PEX tube at a 90° 
angle with 1⁄2” male iron pipe 
thread. 


b 


Faucet elbow 
| (PEX x Swivel FIPT) 


va x Ye FIPT-PEX drop ear elbow- 


Joins 1⁄2” PEX with 2” threaded 
— pipe stub out. 


Drop ear elbow 
(PEX x FIPT) 


Ye x Ye PEX reducer fitting 


Solders into 1⁄2” copper fitting 
~ socket and connects with 1⁄2” 
PEX tube. 


Fitting reducer 
(PEX x Ftg) 


Figure 14-20. Examples of fittings designed to con- 
nect PEX tubing with other materials. (NIBCO, Inc.) 


will vary according to wall thickness. Thus, 
the inside diameter of heavy-walled copper 
pipe will always be smaller than the inside 
diameter of thin-walled pipe of the same size. 


Hard temper: Pipe that is more rigid and better suited 
for applications where it will be exposed. 
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Figure 14-22 illustrates how the nominal sizes 
of copper pipe relate to the actual outside and 
inside dimensions of the various types and 
sizes of pipe. 

An important property of copper pipe is its 
hardness or softness. Refer to Figure 14-21, 
which shows that some types of copper pipe 
are available in both hard and soft temper, 
while others are manufactured in only one 
temper, or degree of hardness. Hard temper 
pipe is more rigid and better suited for applica- 
tions where it will be exposed. Since the pipe is 
rigid, it will generally make a more attractive 
finished project than the easier-to-bend soft 
temper copper tubing. The primary advantage 
of soft temper tubing is that it comes in long 
coils and can be bent to nearly any shape. 


Solder Joint Fittings 


There are two types of solder fittings for 
copper pipe: 
e Wrought copper fittings. 
e Cast copper fittings. 


Wrought copper fittings are made from 
copper tubing cut and shaped as required. 
Wrought fittings are easy to recognize because 
of their thin walls and smooth exterior. Cast 
fittings are heavier and have a rougher exterior 
surface. Cast copper fittings are available in a 
greater variety of shapes. 


Copper DWV Fittings 


Copper DWV fittings are available with 
inlets ranging from 1%” to 4” in diameter. They 
are lighter in weight and have shallower 
sockets than comparable pressure fittings. 
Only one weight or type of DWV fittings is 
manufactured. Since the O.D. of copper pipe is 
consistent regardless of whether Type K, L, M, 
or DWV pipe is being installed, only one 
weight or type of fitting is required. The stan- 
dard for the manufacture of DWV fittings 
mandates that the fittings be strong enough to 
withstand pressure equal to that of Type M 
copper pipe. Therefore, it makes no difference 
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Underground and 
interior service 


Above ground water supply 
drainage, waste, and vent 


Above ground drain, waste, 
and vent piping 


Yellow 


. 3 Above ground service 


20 ft. in diameters 
including 8 in. 
Hard and soft temper 


| diameters including 1 in. | 
20 ft. in diameters 
including 10 in. 


(same as K) a | 

Hard and soft temper | 9} 
-20 ft. in all diameters | Not available i 

Hard temper only å 7 


20 ft. in all diameters | Not available 
1% in. and greater 
Hard temper only 


Figure 14-21. Grades of copper pipe are given in letters. A color code is also used for instant recognition on the 
job. Hard temper pipe is also called “drawn.” Soft temper pipe is also known as “annealed.” 


whether Type M or DWV copper pipe is used. 
An added advantage of this practice is that 
there is no need to keep two different weights 
or types of fittings separated on the job site. 
The quality of copper DWV fittings is 
controlled by a series of standards developed 
by ANSI, ASTM, and NSF. These standards 
specify everything from the quality of the 
copper to the dimensions and workmanship 
that is required. Because copper DWV fittings 
are similar in size and shape to plastic DWV 
fittings, copper DWV fittings will not be 
discussed in detail. A selection of copper 
DWV fittings, together with the method for 
writing a specification for each one, is shown in 
Figure 14-23. 


Cleanouts are to be installed in drainage 
piping when the change in direction of the pipe | 
_ is greater than 45 degrees. Only one cleanout | 
is required for every 40 feet of drainage piping. | 


Copper Pressure Fittings 


Copper pressure fittings are available to fit 
a variety of pipe sizes. The range of sizes in 
which particular fittings are manufactured 
varies widely. Also, not all sizes are likely to be 
in stock at the local plumbing supply company. 
Some pressure fittings are wrought while 


Dimensions of Copper Water Tube (Copper Pipe) 


134 3.905 


Figure 14-22. The nominal and actual dimensions of the different grades of copper water tube 


given in this table. 


2.48 
3.33 
4.29 : 
5.38 .095 


are 


(copper pipe) 
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| 3” copper fitting cleanout w/ plug 
Fits 3” fitting hub. 


3 x 3 x 2 x 2 copper double sanitary 
tee 


Connects two 2” horizontal pipes to a 
3” stack. 


| 


| DWV fitting _ DWV double 


! 
| 
cleanout paniy tee ; 


aa ee 


Sue” copper external bushing | 
Fits inside a 3” hub & connects with a 


2x 2x 2FIPT copper sanitary tee | 
Joins two vertical 2” copper pipes and | 


a “ 2” copper pipe. i connects a 2” threaded pipe at a right 
— DWV sanitary angle to the stack. | 
| DWV external | tee (hub x hub 
bushing x oy 


2” Copper 111 ell 


Joins two 2” copper pipes at an 114° 
angle. 


4 x 3 cast copper closet flange 
Joins 3” copper DWV pipe to toilet. 


112° DWV ell 


Cast copper 
closet flange 


| 

- | 

1%" DWV P-trap w/ union joint (ag x ] 

SJ) | 
1⁄2” hub solders to copper DWV. Slip 

joint connection at inlet. Union makes it © 

possible to disassemble the P-trap. 


1%” - 60° copper ell 


Joins two 1%” copper pipes at a 60° 
angle. 


DWV P-trap 
w/ union joint 


60° DWV ell 


& 


90° DWV 
| long-radius ell 


(SA ae te ose a ma 


1%” DWV copper trap adapter (ftg x 
SJ) 


2” - 90° copper long-radius ell 


Joins two 2” copper pipes at a 90° 
angle. 


Makes solder connection with 112” 
aed pipe and slip joint connection to 


| 90° DWV ell 
w/side inlet _ inlet 


3” DWV copper no-hub soil pipe | 
adapter (hub x no-hub) 


Hub solders to 3” copper pipe and 
no-hub spigot joins to 3” no-hub pipe. 


a 


2” DWV copper fitting adapter (spg x 
MIPT) 


Solders in hub of 2” copper fitting and | 


3x 3x 2- 90° copper ell w/ side inlet 


Joins two 3” copper pipes at a 90° 
angle and connects a 2” pipe at the 
fd of the bend. 


DWV no-hub 
soil pipe adapter 


= copper ell Eger el (hub x Fi x FIPT) í 
Joins 2” copper pipe at a 90° angle i 


jee a 2” threaded pipe. | DWV male 


meme meenen: 


% 


connects with 2” female threaded 
90° DWV ell threaded fitting fitting. Í 
| (hub x FIPT) adapter E 


Figure 14-23. A soing of copper DWV fittings and aiespcatetonem (NIBCO, Inc.) 


others are cast. Wrought fittings tend tobe less enough to withstand pressure equal to that of 
expensive than their cast counterparts. Type K copper pipe. The quality of copper 
However, some fittings must be cast because of pressure fittings is controlled by a series of 
their shape or the need to include threads. standards developed by ANSI, ASTM, and 
Although both K and L copper pipe are used NSF. These standards specify everything from 
for water supply piping, only one weight, or the quality of the copper to the dimensions and 
grade, of pressure fittings is manufactured. The workmanship that is required. 

standards that control the quality of pressure Since there is little basic difference between 
fittings requires that the fittings be strong plastic and copper pressure fittings other than 
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the material from which they are made, copper 
pressure fittings will not be discussed in detail. 
A selection of copper pressure fittings, together 
with the method for writing a specification for 
each one, are shown in Figure 14-24. 


Dielectric Unions 


Specially designed unions are installed to 
join dissimilar materials, such as copper and 
iron pipe, Figure 14-25. These dielectric unions 
prevent galvanic corrosion that could destroy 
the pipe or fitting. They are specified the same 
way as regular unions, except that the word 
dielectric is added to the name. 


Cast Iron Pipe and 
Fittings 


Soil pipe is the term generally used to 
describe the cast iron pipe and fittings used in 
DWV systems. Cast iron DWV is found in 
some older residential structures and in larger 
commercial buildings. This piping material is 
also used in storm drainage systems for roofs, 
yards, and areaways. Use of cast iron soil pipe 
is limited to those applications where gravity, 
not pressure, causes the waste to flow. In recent 
years, nearly all new residential and light 
commercial plumbing installations have been 
made with copper or plastic pipe and fittings, 
rather than cast iron. Cast iron piping systems 
may still be required in commercial and indus- 
trial projects. No-hub cast iron pipe and fittings 
are generally preferred to the older hub-and- 
spigot style. 

Pipe and fittings are cast from gray iron, a 
material that is both strong and corrosion- 
resistant. This resistance is due to the formation 
of large graphite flakes within the material 
during the casting operation. It serves as a 
corrosion-inhibitor. Cast iron piping systems 
absorb the sound of water running through 
them better than other piping materials. In 


i two pieces of 1⁄2” copper VİDE 
Copper coupling line. Stop goes com 


w/rolled tube stop 


° copper fitting ell 
ts a 1⁄2” copper fitting hub 
copper tube at a 45° angle. 


line with a third 1” copper 
pe intersecting at a 90° angle. 
Copper tee 


So 


Copper drop tee 


e as copper tee with the ac 
i ” to secure fitting to bu 


nside a 1⁄2” copper tingi o 


oins with a pipe having a ⁄4” 
| Flush bushing i 


Adapter (socket 


; copper fitting adapt 
rs into a 1” copper fitting so 


a ei f j 34” 
Fitting adapter d threads into a 3⁄4” MIPT. 


(spigot x FIPT) 


Eo lengths of 1⁄2” copper tu 
a Straight line. 


| Union (socket 
| x socket) 


wamere a e 


Figure 14-24. A sampling of copper pressure fittings 
and specifications. (NIBCO, Inc.) 


Figure 14-25. Dielectric unions are required when 
copper is joined to galvanized pipe to prevent corro- 
sion of the pipe. (NIBCO, Inc.) 


large buildings, this produces a noticeably 
quieter system. 


Grades 


The Cast Iron Soil Pipe Institute has stan- 
dardized specifications for two grades of soil 
pipe: 

e Service (SV), most frequently used above 
grade. 


e Extra heavy (XH), sometimes specified for 
below grade installation. 


See the Useful Information section of this 
textbook for detailed dimensions of the basic 


types of pipe. 


Joining Methods 


Soil pipe and fittings are made with two 
types of ends for joining units together. They 
are the hub-and-spigot type and the no-hub 
type. See Figure 14-26. 

Sealing the joint of the hub-and-spigot type 
of cast iron soil pipe is done using lead and 
oakum or a compression joint. See Figure 14-27. 
The lead groove on the inside of the hub 
prevents both the lead and the gasket from 
squeezing out of the joint. 


Dielectric unions: Specially designed unions that are 
installed to join dissimilar materials and prevent 
galvanic corrosion that could destroy the pipe or 
fitting. 

Soil pipe: The cast iron pipe and fittings used in DWV 
systems. 
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Figure 14-26. Types of soil pipe. A—Hub-and-spigot 
soil pipe has a “bell” or enlargement at one end. 
(Richmond Foundry and Mfg. Co.) B—No-hub soil 
pipe does not have a bell. 


Lead groove in hub 
1 inch deep lead 


Packed oakum 


Plain end or 
beaded spigot 


~<— Gasket 


Lead groove 


Plain end 


Figure 14-27. Sealing hub-and spigot joints. A—Lead 
and oakum is packed into a soil pipe joint to prevent 
the pipe from leaking. (Cast Iron Soil Pipe Institute) 
B—A compression soil pipe joint with gasket. 


No-hub soil pipe joints are sealed with a 
neoprene gasket and are held in place with a 
stainless steel clamp, Figure 14-28. No-hub soil 
pipe is preferred to hub-and-spigot for above 
ground installation because of the ease of 
making joints and the fact that the no-hub joint 
is smaller in diameter for a given size of pipe. 
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Z > Gasket 
No-hub pipe —>| 


Stainless —> i Stainless 
steel steel 
ae 339191] ie 


No-hub pipe —=| 


Figure 14-28. A no-hub soil pipe joint is sealed with a 
rubber-like plastic called neoprene. (E.l. duPont de 
Nemours & Co.) 


This allows the no-hub pipe to be installed in a 
thinner wall or piping chase. 


Historv Brief 


Centrifugal casting makes it possible to 
produce cast iron pipe more rapidly than by | 
traditional methods. A carefully controlled 
amount of molten iron is poured into a spin- 
ning hollow mold that is the shape of the out- 
side of the finished pipe. Centrifugal force | 
holds the molten metal against the inside of 
the mold, forming a pipe wall of uniform thick- 
ness. When the metal cools and becomes 
solid, mold rotation is stopped and the cast 

section of pipe is removed. 
Docs sr rE SEEN AS 


Size of SONePipe 


Soil pipe and fittings are available with 
inside diameters (IDs) of 2”, 3”, 4”, 6”, 8”, 10”, 
12”, and 15”. Overall dimensions for hub-and- 
spigot soil pipe are given in Figure 14-29. Soil 
pipe is sold in 5’ and 10’ lengths. Double hub 
pipe can also be purchased. It permits cutting 
two usable runs of pipe from one length. 


Soil Pipe Fittings 


The great variety of fittings available for 
soil pipe makes it possible to assemble nearly 
any configuration. The basic shapes of soil pipe 
fittings are essentially the same as plastic and 
copper fittings. For this reason, Figure 14-30 


presents only the more common types of no- 
hub and hub-and-spigot fittings with their 
name, a sample specification, and a brief 
description of the specification. In some cases, 
the name given soil pipe fittings is different 
from the name used for similar type plastic and 
copper fittings. In such cases, the equivalent 
name is given in parenthesis following the 
preferred cast iron fitting name. Figure 14-31 
illustrates some unique hub-and-spigot 
fittings. These fittings are not needed with no- 
hub piping system because of the type of joint 
that is used. For example, a no-hub 
reducer/increaser can be used both as an 
increaser and as a reducer. The hub-and-spigot 
system requires two separate fittings. 
Additional information about the types and 
sizes of cast iron fittings is given in the Useful 
Information section of this textbook. 


Galvanized Steel Pipe 


Steel pipe is either unfinished (black) or 
galvanized (zinc coated). Black pipe is used for 
gas and compressed air piping systems. 
Galvanized steel pipe can be used for: 

e Hot and cold water distribution. 
e Steam and hot water heating systems. 
e Drainage and vent piping. 

If steel pipe is being used for water supply 
and drainage installations, the galvanized type 
is required because it is much less subject to 
rusting than black pipe. Galvanized steel pipe 
for water supply piping has been largely 
replaced by copper and plastic, however. 
Galvanized pipe was also used in hub-and- 
spigot cast iron DWV piping to connect traps to 
the cast iron or to install smaller diameter pipes 
for fixtures such as drinking fountains. 

The standard length of steel pipe is 21’. It is 
produced in nominal sizes as small as 4” and as 
large as 2%”. See Figure 14-32. There are three 
grades (strengths) of pipe: 

e Standard. 
e xtra strong. 


e Double extra strong. 


1 Dimensions in inches 


Laying length—5’-0” and 10’-0” 
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Figure 14-29. Overall dimensions of hub-and-spigot soil pipe. (Cast Iron Soil Pipe Institute) 


Standard grade piping is adequate for most 
plumbing installations. 


Pipe Threads 


The threads on iron pipe fittings are tapered 
so they will form a watertight joint when tight- 
ened securely. See Figure 14-33. In Chapter 20, 
the correct allowances for each size pipe are 
given. This is important so that the threads cut 
on the pipe will properly join with standard 
fittings. 


Malleable Iron 
Fittings 


Malleable iron fittings are produced by 
annealing (softening) cast iron. This process 
produces a fitting that will withstand more 
bending, pounding, and internal pressure than 
ordinary cast iron. 

There are two types of malleable iron 
fittings: drainage fittings and pressure fittings. 
See Figure 14-34. Drainage fittings are different 
from pressure fittings in several ways: 
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i 


% bend (90° elbow) 


Sanitary tee 


Y-branch (wye) 


Ei 


Reducer 
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' 3” no-hub 1⁄4 bend 


Joins two 3” no-hub cast iron pipes at a 90° angle. 


4” cast iron (C. 1.) % bend 
Connects two 4” hub-and-spigot cast iron pipes at a 
90° angle. 
3 x 2 no-hub sanitary tee 
Connects a 2” horizontal branch to a 3” stack. 


3 x4C. |. sanitary tee 
Joins a 3” horizontal branch to a 4” stack. 


4” no-hub Y-branch 


Connects a 4” no-hub pipe at a 45° angle toa 
4” straight run of no-hub pipe. 


3 x 2 C. I. Y-branch 
Joins a 2” C. |. hub-and-spigot pipe at a 45° angle to a 


straight run of 3” C. |. hub-and-spigot pipe. 


3 x 4 no-hub reducer ' 


Joins 3” and 4” no-hub pipe in a straight run. (Used in 
colder climates to enlarge the size of a vent stack 


before it penetrates the roof.) l 


~ 2” no-hub P-trap 


2x3C.1. reducer 
Joins 2” and 3” C. |. hub-and-spigot pipe in a straigh 


run. (Used in colder climates to enlarge the size of a — 


vent stack before it penetrates the roof.) 


Creates a trap in a 2” drain. | 


1%” P-trap 


| Creates a trap in a 1⁄2” drain. | P-trap | 


14 bend (90° elbow) 


Sanitary tee 


Y-branch (wye) 


a ee 


Figure 14-30. Examples of the more common hub-and-spigot and no-hub cast iron fittings are shown. All the 
shapes illustrated for ABS, PVC, and copper DWV are available in cast iron. (Cast Iron Soil Pipe Institute) 


e The inside surfaces of drainage fittings are e 


Drainage fittings are designed so that a 


smooth and are shaped for easy flow. 


Shoulders are recessed so that an unbroken 
contour is formed when pipes are screwed 
into the fitting. 


horizontal line entering them will have a 
fall of 4 inch per foot. 


Only drainage fittings should be used on 


drainage piping. For installing water, gas, or air 


4” C. t. double hub 


_ Joins two lengths of 4” cast 
iron pipe. 


| 4x3 C. I. reducer 


_ Connects a 4” and a 3” cast 
_ fron pipe in a straight line. 


| 


Reducer 


4” C. 1. closet bend 
Joins the hub of a Sanitary-T 
with a toilet. 


Note: Break off grooves 
allow length to be reduced. 


Closet bend 
E A 


Figure 14-31. Double hubs, reducers, and closet bends 
are unique to cast iron. {U. S. Pipe and Foundry} 


| Standard om 


iDimensions in inches 
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Incompletely 


as formed threads 


1 to 16 
Pipe 4 


taper 
Figure 14-33. This section view shows how tapered 
pipe threads fit together to form a watertight seal. 


vent lines, either pressure or drainage fittings 
may be used. 

Both drainage and pressure fittings are 
produced in many shapes and sizes. Because 
drainage lines are never less than 1%” diameter, 
drainage fittings are not available in smaller 
sizes. The basic shapes of malleable iron 
fittings is essentially the same as for plastic and 
copper fittings. Therefore, only a representative 
sample of fittings is shown in Figure 14-35. 


Figure 14-32. Dimensions of standard and extra strong steel pipe. 
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Offset would < K 
obstruct sewage 
A flow 


Ys inch per 
Ņ foot slope 


Smooth intersection 
does not obstruct flow 


B 


Figure 14-34. Malleable iron fittings. A—Pressure fit- 
tings are suitable for air, gas, and water lines but not 
for drainage. B—Drainage fittings are required on all 
drainage lines to prevent obstructing flow. 


Unions 


Unions have a special role in threaded pipe 
systems. Because all galvanized pipes and 
fittings are right-hand threaded, it would be 
impossible to assemble or disassemble the last 
length of threaded pipe without a union. A 
union can be installed or removed from the 
system without disturbing other fittings. It 
consists of three parts, as shown in Figure 14-36. 


e A shoulder with internal threads at one end 
for attaching to a pipe. The shoulder is 
shaped so that it mates with the externally 
threaded part. 


e Acollar with internal threads for attaching 
the other two parts over their mating 
surfaces. 


e An externally threaded piece with a mating 
surface that seals against the mating surface 
of the shoulder piece. The collar threads 
onto the external threads and, when tight- 
ened, closes the joint between the two 
mating pieces. The internal threads at the 
other end of the externally threaded piece 
are for attaching to a pipe. 


1” x 34” galv. iron reducing | 
coupling T 
Connects a 1” and a %” length | 
i of galvanized steel pipe in a 
straight line 


3⁄4” 45° galvanized iron street 
— elbow 
Connects a %” galvanized iron 
fitting with a %4” galvanized iron 
_ pipe at an angle of 45°. 


| 45° street ell —-+i 


3⁄4” galvanized iron tee + 


Connects two %” galvanized 
steel pipes in a straight line. 

Also, a third %” pipe is 

connected at a 90° angle. 


=o 


34" x 1%” galvanized iron busing 
Connects a %” galvanized steel 
fitting with a 1⁄2” galvanized steel 
pipe. 


Bushing 


3⁄4” galvanized iron cap 


Closes the end of a %” 
galvanized steel pipe. 


aR Se 


Figure 14-35. A sampling of malleable iron pressure 
fittings and specifications. 


Dielectric unions are installed when copper 
and iron pipe are joined. These prevent 
galvanic corrosion that could destroy the pipe 
or fitting. Dielectric unions and other transition 
unions that make it possible to join PVC, 
CPVC, and copper pipe with galvanized iron 
pipe were presented in the sections on plastic 
and copper fittings. 


Unions: A fitting that is used to assemble or disas- 
semble the last length of threaded pipe. 


Figure 14-36. The internally threaded collar of a union 
secures the shoulder piece to the externally threaded 
part so that a watertight seal is produced. 


Nipples 


Nipples are pieces of pipe, 12” or less in 
length, that are threaded on both ends. They 
are used to join two fittings that are close 
together. These should be purchased, rather 
than made on the job site, because it is difficult 
to thread short pieces of pipe with conven- 
tional plumbing tools 

Nipples are specified by diameter and 
length, Figure 14-37. A close nipple is threaded 
along its entire length. Shoulder nipples have a 
short portion of unthreaded pipe. Long nipples 
are 6” or more inches in length. The length of a 
pipe nipple is determined by measuring from 
end to end. 


Nipples: Pieces of pipe, 12” or less in length, that are 
threaded on both ends. 


Close nipple: Shortest length of a given size of pipe 
that can be threaded along its entire length. 


Shoulder nipple: Pipes that have a short portion of 
unthreaded pipe. 


Long nipple: Pipes that are 6” or more inches in length. 


Vitrified clay pipe: Pipe made of clay and fired; gener- 
ally used for sewers. 
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Close 
nipple 


Shoulder 
nipple 


Figure 14-37. Nipples are short connectors between 
fittings. 


Vitrified Clay Pipe 


Vitrified clay pipe has been used primarily 
for sanitary sewer mains. However, older 
buildings may have sewers made from vitrified 
clay pipe that connect the building DWV to 
the sewer main. This kind of pipe is available 
in a variety of diameters from 4” to 36”. 
See Figure 14-38. Most recent clay pipe uses 
an O-ring compression joint. In these joints, a 
rubber compression ring is seated in a poly- 
ester casting, Figure 14-39. 

Some care must be taken when laying clay 
pipe. Ground supporting the pipe must be well 
compacted. All loose soil should be removed 
from under the pipe. If fill is needed, gravel 
should be used, rather than soil, because it will 
not settle. Backfilling (filling up the excavated 
trench) can begin as soon as the pipe has been 
joined. 


Brass Fittings 


Water supply connections to humidifiers 
and icemakers may be made using copper 
tubing and brass fittings. The joint between the 
fitting and the copper tubing is made either 
with a sleeve or by flaring the end of the copper 
tubing, Figure 14-40. Being able to distinguish 
the different types of brass fittings will avoid 
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Pipe section 


Wye 


Long radius 90° elbow 


Figure 14-38. Vitrified clay pipe has a standard length of 5’ for diameters of 4” through 10”. However, most small 
sizes are also available in 1’, 2’, 3’, and 4’ lengths. (The Logan Clay Products Co.) 


Plastic casting by 
© 


. 
Rubber O-ring ye 


Compressed 
O-ring 
Figure 14-39. A compression joint in vitrified clay pipe 


assembles rapidly and needs no additional set-up 
time. 


confusion and make it easier to select the 
correct fitting. Attempting to assemble parts 
from different types of brass fittings can lead to 
frustration and leaking joints. 


Flare fittings require that the end of the 
copper tube be flared (stretched into a 
widened, beveled surface) so that the joint seals 
when the nut is tightened. The external thread 
on the body of the fitting stops short of the end 
of the fitting and the end is beveled to mate 
with the flared tubing. If either the word male 
or female is used to identify the fitting, it has 
one external or one internal pipe thread that 
allows it to be joined to a threaded pipe or 
fitting. Inverted flare fittings use a nut with 
external threads to secure the tubing to the 
body of the fitting. Note, in Figure 14-40, how 
the nut and the body of the fitting are beveled 
to mate with the flared end of the tubing. 


Flare fittings: Fittings that require the end of the 
copper tube to be flared so the joint seals when the nut 
is tightened. 


Flared: Stretched into a widened, beveled surface. 


Inverted flare: Fittings that use a nut with external 
threads to secure the tubing to the body of the fitting. 


Compression 
fitting 


45° Flare 
fitting 


Inverted 
flare fitting 


Figure 14-40. Three basic types of brass fittings are 
available for copper tubing. Compression fittings are 
most often used by piumbers to connect humidifiers, 
icemakers, and other appliances to the water supply 
piping. Flare fittings are typically used in HVAC instal- 
lations. (Parker Hannifin Corp.) 


Brass compression fittings are more 
commonly used by plumbers than flare 
fittings. Compression fittings make a water- 
tight seal when a brass sleeve is compressed 
between the nut, pipe, and the body of the 
fitting. It is necessary to use care when 
selecting and installing compression fittings, 
because they are manufactured with both pipe 
threads and straight threads. Note that if the 
term “male” or “female” is used to identify a 
fitting, it has one external (“male”) pipe thread 
or one internal (“female”) pipe thread. Straight 
threads are used on ends designed to join with 
the compression ring. The compression nut has 
an internal straight thread so it will readily 
mate with the straight threaded end of the 
fitting. Differences in threads are particularly 
difficult to see with smaller diameter fittings. If 
you look carefully, however, you will see that 
the pipe threads are tapered and slightly 
coarser than the straight threads. Trying to 


Compression fittings: Fittings that make a watertight 
seal when a brass sleeve is compressed between the 
nut, pipe, and the body of the fitting. 
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mate a straight thread with a pipe thread can 
damage both threads and produce a leaky 
joint. If you attempt to install a nut and it does 
not thread easily, chances are that the two 
threads are incompatible. 

Brass compression fittings are available in a 
variety of shapes and sizes. It is helpful to think 
of brass compression fittings as one of three 
types. First, consider those that have only 
straight external threads on the body of the 
fitting and are designed to receive a sleeve and 
a compression nut at all the connections. These 
fittings are called unions, Figure 14-41. 

Second are the type of brass fittings 
that have one male (external) pipe thread 
and the word male is included in their name, 
Figure 14-42. One end of these fittings is 
designed to screw into an internal pipe thread. 
The other threads are straight to receive a 
compression nut. 


Var = = 
compression union 


Ys” brass 
compression ell 


Ye” brass 
compression tee 


Figure 14-41. Brass compression unions have straight 
threads at each end to attach a nut that will hold the 
copper tube in place with a compression ring. (Parker 
Hannifin Corp.) 


si = 


% x ¥MIPT brass 3% x 4 MIPT brass 
compression male connector compression 45° 
Figure 14-42. Brass fittings with the word “male” in 
their name have one terminal with an external iron 
pipe thread (MIPT). (Parker Hannifin Corp.) 
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Third are a group of brass fittings that have 
one female (internal) pipe thread and the word 
female as part of their name, Figure 14-43. The 
female-thread end is designed to fit onto an 
external pipe thread. The other terminals of the 
fitting accept a compression nut with straight 
threads. 

Compression nuts and sleeves can be 
purchased separately. When doing repair 


Ve x Ve FIPT 
brass compression 
90° female elbow 


Ya x Ye FIPT 
brass compression 
female connector 


Female-thread end 
Figure 14-43. Brass fittings with the word “female” in 


their name have one terminal with an internal pipe 
thread (FIPT). (Parker Hannifin Corp.) 


work, it is often necessary to replace the sleeve 
after a joint has been loosened. Otherwise, it 
may be difficult to obtain a watertight joint. 
Cut off the copper tubing just beyond the old 
sleeve and install a new sleeve before reassem- 
bling the joint. 


Lead Pipe 


Lead pipe may be found in some older 
plumbing installations. It is light gray in color, 
relatively easy to bend or crush, and heavy 
compared to plastic or copper pipe. Since lead 
is a health hazard (it contaminates the water 
supply), any lead pipe you find should be 
removed and replaced by code-approved pipe 
and fittings. 


Lead pipe: Pipe that is light gray in color, relatively 
easy to bend or crush, heavy compared to plastic or 
copper pipe, and contaminates the water supply. 
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Test Your Knowledge ‘11. True or false? K is the heaviest type of cop- 
Writ _ per pipe. 
A E a ne T “2. List the four types of copper pipe and indi- 


cate color coding of each. 
“13. True or false? Straight lengths or copper pipe 
are hard temper copper. 
* 14. True or false? Copper pressure fittings are all 
the same grade. 
a5, The term pipe is frequently used 
when referring to cast iron pipe. 
. The two standardized grades of cast iron 
pipeare a 
47. The two types of ends found on soil pipe 
are and 
A. compression 
B. hub-and-spigot 
C. lead and oakum 


+1. Plumbing for residential and light commer- 
cial applications consists of two piping 
systems. They are known as the sys- 
tem and the system. 

`2. True or false? Pressure pipe and fittings are 
required for drain/waste/vent piping. 

3. The abbreviation ABS stands for ; My 6 

+4. Polyvinyl chloride is generally abbreviated 


^5. The abbreviation CPVC stands for 
For what purpose is it used? 
46. The abbreviation PEX stands for 
(7. True or false? The outside diameter and the 
~ nominal size of plastic pipe are exactly the 


ae D. no-hub 
E ee, X18. True or false? Sanitary tees must be used on 
418. Identify the following DWV fittings: drainage piping. 


A 3 x 2 x 1% cast iron sanitary tee would 


13: 
have a inch spigot on the main, a 
___ inch hub on the main, and a 
A B c D inch hub on the branch. 
220 


. Steel pipe that is coated to prevent rusting 
is known as 


A. black pipe 
B. galvanized pipe 
E F G C. heating pipe 


D. rustless pipe 

1. Malleable iron drainage fittings differ from 
pressure fittings in three ways: 
A. The inside of the fitting is smooth and 


WQ. Identify the following pressure fittings: 
4 for easy flow. 


B. Shoulders are so that an unbroken 
contour is formed when the pipe is 
installed. 


C. Horizontal lines entering drainage 
fittings will have a slope (fall) of 
inch per foot. 
x22. A malleable iron tee specified as 1 x % x % 
will have a(n) inch opening on the 
branch. 
-| 23. Name the fitting used to connect lengths of 
A , ; ; pipe to form a long straight run. 
10. A crimp ring or sleeve is used to securely #24. To make it possible to assemble and disas- 


join fittings and pipe. semble threaded pipe, at least one _____ 
A. ABS must be included in the piping system. 
$ au X& 25. What is the purpose of a plug? 


De COP 
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N26. 


$2. 


28. 


Bill of Material 
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Pieces of pipe 12” or less in length and 
threaded on both ends are known as 

The fittings used with soft copper tubing 
are made of brass and manufactured in 
three types. Name the types. 

The drawing below shows the hot and cold 
water supply piping from the meter to the 
fixtures in a typical bathroom. Prepare a bill 
of material using the format shown. Specify 
the quantity, dimensions, and type of all 
fittings and valves necessary to complete 
the water supply piping. Do not include the 
pipe in your estimate. 


Bathtub 


Ya” copper 


From water meter 
T/P valve 


Water 


Drip tube heater 


29. Assume that you need to join two %” pipes 


in a straight line and connect a third 4” pipe 
at a right angle. Write a separate specifica- 
tion for a pressure fitting made from each of 
the following materials that will accom- 
plish this purpose: 

A. PVC. 

B Gc. 

Ce Copper, 

D. Galvanized iron. 


Suggested Activities 


Il 


2 


Given a selected group of fittings, identify 
them by proper name, material, and size. 
From catalogs or contacts with plumbing 
suppliers, obtain the cost of selected fittings 
and pipe made from different materials. 
Compare the relative cost of materials. 


. Talk to a journeyman plumber about the 


relative merits of copper, cast iron, plastic, 
and galvanized iron piping systems. 


. Using an encyclopedia and other sources, 


determine how one type of pipe (plastic, 
copper, galvanized, cast iron) is 
manufactured. 


or 


Lavatory 


Toilet 


Cold water supply piping 


Hot water supply piping 


Valves and 
Meters 


Objectives 


This chapter covers valves and meters most 
common to residential and light commercial 
plumbing. Faucets, hose bibbs, and the valves 
that are a part of plumbing fixtures are 
discussed in Chapter 22, Installing Fixtures, 
Faucets, and Appliances. 


ad studying this chapter, you will be able to: 
Recognize and name different types of 
valves and meters. 

e State the application of each type of valve 
and meter. 

e Explain the construction of various valves 
and meters in detail. 

e Illustrate how different types of valves and 
meters operate. 


Technical Terms 


Ground key valve Stop and waste 


Stop valve valves 
Three-way ground Gate valves 

key valves Ball valves 
Corporation valve Flush valve 
Curb stop Control stop 
Meter stop Vacuum breaker 


Compression valves Check valves 


Pressure /tempera- Pressure regulators 
ture (p/t) relief Back water valves 
valves Water meters 

Float-controlled 
valves 


Water supply piping systems use valves 
and meters to control, regulate, and measure 
the fluids flowing through them. Valves control 
the flow of liquids and gases, such as water, 
steam, natural gas, oil, and air. Meters measure 
and record the volume of fluid flowing through 


a pipe. 


Valves 


Water piping systems employ specifically 
placed valves to close down all or part of the 
system. Valves function to shut off the water or 
regulate the rate of flow. When leaks occur, 
stopping flow is necessary to prevent flooding 
and allow repairs or alterations to the pipes or 
fixtures. 

Valves are primarily made from cast 
bronze, brass, malleable iron, cast iron, ther- 
moset plastic, and thermoplastic. Other corro- 
sions resistant materials may also be used. Two 
or more types of materials are frequently used 
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on a single valve. For example, the valve body 
may be formed from cast iron, the valve plug 
from cast bronze, the O-ring seal from rubber, 
and the compression washer from Teflon™ 
plastic. 

Valves are available to fit standard pipe 
sizes, ranging from %” to 12” in diameter. The 
overall length, width, and height of valves are 
not standardized. For residential and light 
commercial water supply systems, 4” to 1” 
valves are generally sufficient for water supply 
piping. Valves may not be necessary in a DWV 
piping system. If they are installed, however, 6” 
is commonly the maximum size. 

Valves manufactured from metal usually 
have internal threads, as shown in Figure 15-1. 
Plastic valves frequently have external threads 
that require a nut to make a compression joint 
with the pipe, Figure 15-2. 

Eleven common valve designs or types are: 
e Ground key or stop valve. 

e Compression or globe valve. 


e Gate valve. 


Figure 15-1. Valves manufactured from metal are usu- 
ally made with internal threads. (The Fairbanks Co.) 


Handle ae J Handle clip 
A “I i ai 
Sien SPTE 
_— Stem 


a. 


~ Face 

Carrier seal 
O-ring 
Er -N Union nut 


Ball / ‘ Body 


Carrier a veg fy q 
Ball seat / 


Figure 15-2. For this plastic valve, a compression joint 
is made with outside threads and a nut. (Celanese 
Plastics Co.) 


e Ball valve. 

e Flush valve. 

e Control stop. 

e Vacuum breaker. 

e Check valve. 

e Pressure relief valve. 
e Float control valve. 


e Pressure regulator. 


Ground Key Valves 


A ground key valve, or stop valve, is gener- 
ally used to control the flow of liquids or gases 


between a building and its source of supply, or 
inside the building itself. See Figure 15-3. Its 
basic design has remained unchanged for 
nearly 100 years. The ground key valve offers 
certain advantages, including simplicity of 
design, unobstructed flow of liquid, and rapid 
opening or closing with only a % turn of the 
plug. Major disadvantages are rapid wear with 
regular use and the inability to regulate 
volume of flow. 
Several kinds of ground key valves are 
currently in service, each with special uses. 
Three-way ground key valves control the 
flow of liquid or gas at points where three 
pipes connect, Figure 15-4. They are used in: 
e Gas burner units. 
e Water pumps. 
e Air control on sandblasting equipment. 
e Steam cleaning equipment. 
e Automobile washing equipment. 


e Spraying and dusting equipment. 


Quick operation 
Y4 turn opens 
or closes valve 


Fully open valve 
provides little 
resistance to flow 
of water because 
opening in valve 
a matches ID of pipe 


S Seals at both 
pors prevent 
leaks 


O-rings prevent L 
leaks 


Figure 15-3. Cutaway of a ground key valve showing 
the valve body. (Crane) 


Ground key valve: A valve used to control the flow of 
liquids or gases between a building and its source of 
supply, or inside the building itself. Also called stop 
valve. 


Three-way ground key valves: Valves that control the 
flow of liquid or gas at points where three pipes 
connect. 

Corporation valve: Type of ground key valve that is 
installed in the water main and controls the water 
flow to the system. Also called a stop or corp. 
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Figure 15-4. Note the three ports on this three-way 
ground key valve that control flow of gas or fluid in a 
T connection. (Hayes Mfg. Co.) 


A corporation valve, also called a stop or 
corp, is a type of ground key valve, Figure 15-5. 
It is installed at the water main and controls the 
water flow to the system, after tapping into the 
city water supply. Corporation valve are avail- 
able in 4” through 2” diameters. 


In 1871, Hiernymus Mueller (founder of 
Mueller Co.) invented and patented the first 
machine for drilling, tapping, and inserting cor- 
poration valves into mains under pressure. | 
The machine drilled and tapped the water 
main and inserted a corporation valve without | 
turning off the water main. He also developed 
the Mueller, or “CC”, thread, adopted by the | 
American Water Works Association as the 
standard for corporation valves. | 


Figure 15-5. Cutaway of a corporation valve. 
(Copyright Mueller Co., Decatur, Illinois, USA-used 
with permission). 
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Other commonly used ground key valves 
are the curb stop, Figure 15-6, and the meter 
stop, Figure 15-7. Curb stops permit the water 
line to be shut off near the street. The meter 
stop allows the water to be shut off at the inlet 
to the meter. For a more complete explanation 
of water service installation, refer to Chapter 11, 
Water Supply Systems. 


Compression Valves 


Compression, or globe, valves are widely 
used in piping systems to control air, steam, 
and water. The globe-shaped body of the valve 
has a partition in it that separates the inlet side 
of the valve from the outlet side. A circular 
opening in the partition allows flow through 
the valve. See Figure 15-8. The upper side of 
the opening is ground smooth. A rubber disk or 
washer attached to the end of the stem presses 
against the smooth opening when the handle is 


Figure 15-6. A—A curb stop allows the water supply 
to be shut off at the curb. B—Cutaway of a typical curb 
stop. (Copyright Mueller Co., Decatur, Illinois, USA- 
used with permission). 


A 


Figure 15-7. A—A meter stop valve allows water 
meter installation between residential plumbing and 
the water supply. B—Cutaway of a meter stop. 
(Copyright Mueller Co., Decatur, Illinois, USA-used 
with permission). 


A 
a Handle 
- Stem 
Packing nut 
Packing box ~ 
i Screw thread 
Bonnet -a 
Valve seat 
D’ "== Washer 
B Inlet Outlet 


Figure 15-8. Cutaway of typical compression valves. 
A—Plug type. B—Composition, or washer, type. 
(William Powell Co.) 


turned clockwise. This closes the valve and 
stops the flow. 

The threads on the stem screw into threads 
in the upper housing of the valve. The top of 
the housing is hollowed out to hold a packing 
material. This packing may be replaced if the 
valve begins to leak between the packing nut 


Curb stop: Type of ground key valve that permits the 
water line to be shut off near the street. 


Meter stop: Type of ground key valve that allows the 
water to be shut off at the inlet to the meter. 


Compression valve: Valve that is used in piping 
systems to control air, steam, and water. Also called 
globe valve. 


and the valve stem. Major advantages of the 
globe valve are: 


e Critical parts (washer, seat, and packing) 
may be replaced. 


e Facilitates quite accurate control of the 
water flow. 


e Valves may be used repeatedly without 
becoming worn beyond repair. 


Without regard to its popularity, the globe 
valve has disadvantages: 


e It partially obstructs water flow, even when 
fully open. 


e Use of a globe valve makes it impossible to 
completely drain the water line. Under 
certain conditions, this creates a freezing 
hazard. 


Globe valves are commonly used in water 
supply lines inside a home because of their reli- 
ability and ability to be repaired. These valves 
generally serve to cut off the water supply to 
parts of the water system. A globe valve may be 
installed to cut off the cold water supply to a 
bathroom during the repair of a fixture. 


Code Note 
A valve must be installed on the cold water 


supply pipe near the entry point to a water 
heater. 


Stop and waste valves, shown in Figure 15-9, 
are special types of globe valves. Removing the 
cap on the side of the valve, while the valve is 
shut, drains water on the downstream side of 
the valve. This feature is particularly useful 
when draining part of a piping system to 
prevent freezing or make repairs. 


rr 
Stop and waste valve: A valve used to stop the flow of 
water in a pipe and permit the water downstream 
from the valve to be drained from the piping. 

Gate valve: Valve that provides an unobstructed 
waterway when fully open, making it useful in large 
piping installations. 
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Figure 15-9. Stop and waste valves permit draining of 
the downstream pipe. (Mansfield Plumbing Products) 


Gate Valves 


Gate valves are named for the gatelike disk 
that slides across the path of the flow. Both 
faces of the metal disk (gate) and of the vertical 
valve seat are machined to form the valve. See 
Figure 15-10. The gate valve provides an unob- 
structed waterway when fully open, making it 
useful in large piping installations. It is best 
suited for main supply lines and pump lines, 


Figure 15-10. Partial cutaway of a gate valve showing 
the valve body. Machined surface of the gate slides 
against the machined faces of the valve seat. (Red- 
White Valve Corp.) 
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but should not be used to regulate flow. This 
valve should either be fully open or completely 
closed. 


Ball Valves 


Ball valves, shown in Figure 15-11, have 
become increasingly popular because they 
open and close with just one-quarter turn and 
provide very little resistance to flow. Synthetic 
seals and quality manufacturing of the “ball” 
have made ball valves highly reliable. 


History Brief 

Municipal water systems were constructed | 
in major U. S. cities, such as New York, | 
Philadelphia, Boston, and Chicago, in the | 
early nineteenth century. 


Flush Valves 


A water closet or urinal fitted with a flush 
valve, shown in Figure 15-12, does not need a 


Handle nut 


Body bolt y 


Follower 


Packing 
Stem 


Ball 


—— Body end 
Seat 


| «— Body end 


Figure 15-11. Ball valves are made from brass and 
plastic and are available in a variety of sizes. (The 
Fairbanks Co.) 


Upper 
chamber 


Bypass 
Diaphragm 
— Inlet from 

water supply 


Lower chamber AA 
7 line 


Outlet to fixture 
Figure 15-12. Diaphragm flush valves use pressur- 


ized water from two separate chambers to open and 
close the valve. (Sloan Valve Co.) 


storage tank. The pressurized water flows 
directly into the fixture and is flushed with a 
scouring action. The action of a flush valve 
generally cleans better than gravity flow froma 
storage tank. An added advantage in a direct 
connection to the water supply piping is that 
the fixture can be repeatedly flushed without 
waiting for a storage tank to refill. These two 
advantages make the flush valve popular in 
commercial installations. 

The flush valve stops the flow of water 
when pressure from water in the upper 
chamber forces the diaphragm down against 
the valve seat. Moving the handle slightly in 
any direction pushes the plunger against the 
auxiliary valve. Even the slightest tilt causes 
the diaphragm to leak water out of the upper 
chamber. As pressure lessens in the upper 
chamber, the diaphragm rises farther and 
allows water to flow into the fixture. While the 
fixture is flushing, a small amount of water 
flows through the bypass. As this water fills the 


Ball valves: Valves that open and close with just one- 
quarter turn and provide very little resistance to flow. 


Flush valve: Valve that does not need a storage tank 
because pressurized water flows directly into the 
fixture and is flushed with a scouring action. 


upper chamber, the diaphragm is forced back 
against the valve seat. This action stops the 
water flow into the fixture. 

A control stop, Figure 15-13, is generally 
installed in the water supply line that serves 
the flush valve. The control stop performs two 
functions: 


e It regulates the flow of water entering the 
flush valve. 


e It may be used to shut off the water supply 
to an individual fixture when repairs are 
required. 

A vacuum breaker, Figure 15-14, is installed 
between the outlet of the flush valve and the 
fixture to prevent back siphoning of polluted 
water into water supply piping. 


Figure 15-13. Control stops are installed in the water 
line serving the flush valve. The screw shown in this 
cutaway can be turned to regulate or stop water flow 
to the flush valve. (Sloan Valve Co.) 


Control stop: Stop that regulates the flow of water 
entering the flush valve and shuts off the water 
supply to an individual fixture when repairs are 
required. 


Vacuum breaker: A device installed between the outlet 
of the flush valve and the fixture to prevent back 
siphoning of polluted water into water supply piping. 


Check valve: A valve that permits flow in only one 
direction and prevents backflow in water supply 
piping. 

Pressureltemperature (PIT) relief valves: Safety 
devices on hot water and steam piping systems. These 
valves open to permit hot water or steam to escape 
and cold water to enter the tank. 


Float-controlled valves: Valves that maintain a 
constant level of water in a tank or other container. 
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Figure 15-14. Vacuum breakers have a hinged valve 
that closes if water attempts to flow back through it. 
Vents underneath the flange are always open, allow- 
ing free airflow to prevent a vacuum inside the pipe. 
(Sloan Valve Co.) 


Check Valves 


Check valves, Figure 15-15, permit flow in 
only one direction. In water supply piping, 
check valves prevent backflow. Three types of 
check valves in common use are the ball check 
valve, swing check valve, and lift check valve. 


Code Note 


| A valve must be installed to prevent back- 
flow between the water supply piping connec- 
tion and a hydronic heating system, steam 
heating system, lawn irrigation system, auto- 
matic fire sprinkler system, or solar system. 


Pressure Relief Valves 


Pressureltemperature (PIT) relief valves, 
shown in Figure 15-16, are safety devices on 
hot water and steam piping systems. Should 
the system overheat, the P/T relief valve opens 
to permit hot water or steam to escape and cold 
water to enter the tank. If the pressure is not 
relieved, the system may explode. Water 
heaters are required to have pressure /temper- 
ature relief valves. 


Float Controlled Valves 


Float-controlled valves maintain a 
constant level of water in a tank or other 
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Figure 15-15. Three types of check valves. A—Outside view of a ball check valve. B—A ball check valve allows 
one-way flow in water supply and drainage lines. C—A swing check valve has low flow resistance, making it suited 
for low to moderate liquid or gas pressure. D—A lift check or horizontal check valve is used for gas, water, steam, 
and air. (Celanese Plastic Co., The Fairbanks Co.) 


container. The flush tank on a water closet is 
equipped with a float-controlled valve. See 
Figure 15-17. 


Pressure Regulators 


Pressure regulators, Figure 15-18, are used 
to reduce water pressure in a building. They 
| are installed when pressure in the water main 
is too high. Pressure regulators are automatic 
in the sense that once installed and set to the 


Figure 15-16. A temperature/pressure relief valve 
(T/P valve) is installed on water heaters to bleed off 


excess pressure. Operation is similar to a pressure Pressure regulator: A valve that reduces water pres- 
regulator valve. (Mansfield Plumbing Products) sure in the supply piping. 


Inlet valve —» 


—<— Valve-to-float 
linkage 


Float —» 


Figure 15-17. The float controls water supply by open- 
ing and closing the inlet valve. As water level in the toi- 
let tank drops, the valve is opened as the float pushes 
the linkage down. Incoming water lifts the float, closing 
the valve. (Fluidmaster, Inc.) 
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desired pressure, they continue to regulate the 
pressure without adjustment. The valve shown 
is spring loaded. It remains open until the pres- 
sure in the building reaches a predetermined 
level. It then closes and remains closed until 
the pressure in the building begins to drop. The 
pressure regulator is cycled in this manner 
every time a faucet is opened or a toilet is 
flushed. 


: Code Note 


If the water pressure exceeds 80 psi, a 
pressure-regulating valve is required. | 


Back Water Valves 


Back water valves are a type of check valve 
designed especially for installation in the DWV 
piping system, Figure 15-19. This valve 
prevents sewage from backing up into the 
house if the sewer main becomes blocked or 
overloaded. A back water valve may be 
installed near the entry of the building drain to 
the structure, protecting all the building’s 
DWV piping. Special floor drains with built-in 


Figure 15-18. Pressure regulator valves prevent water pressure from rising higher than 80 psi. A spring in the 
dome acts on a diaphragm, opening the valve when pressure is low. This pushes down on the valve, moving it 
away from the seat. When the water pressure reaches 80 psi, it pushes up on the diaphragm and closes the valve. 


(Watts Industries Inc.) 
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Figure 15-19. A back water valve may be installed in 
a building's sewer to prevent backflow of sewage from 
the sewer main. (Watts Industries, Inc.) 


backwater valves can be used on the lowest 
level of the building. Installing back water 
valves is not generally recommended, unless 
the building is in a location where sewer back- 
up is a problem. Otherwise, they add to the 
cost of the DWV system and may cause main- 
tenance problems. If the valve closes unneces- 
sarily, waste from within the building may 
pollute the floor of the building’s lowest level. 


Water Meters 


Water meters are mechanical devices that 
measure the amount of water passing through 
the water service into a building. It is a very 
delicate instrument that requires careful treat- 
ment. A water meter is usually city property 
that water department employees install and 
service. Normally, it cannot be removed 
without permission from the proper municipal 
authority. 

Since the volume of water used varies 
according to the needs of the customer, meters 
are manufactured with capacities of 20, 30, and 
50 gallons per minute. The plumber must 
know the distance from threaded end to oppo- 
site threaded end (laying length) of the meter 
to ensure the piping is correctly prepared. 
Typical laying lengths for residential and light 
commercial installations are: 7%”, 9”, and 10%”. 

Water meter housings are made of 
bronze, cast iron, stainless steel, or plastic. See 
Figure 15-20. While the interior design varies, 
most modern water meters have a magnetic 
drive. The water meter in Figure 15-21 has a 
one-piece, cone-shaped disk of hard rubber. 


Figure 15-20. Water meters are available in a variety 
of sizes for residential and light commercial installa- 
tions. (Badger Meter, Inc.) 


Figure 15-21. Cutaway of a water meter with a mag- 
netic drive mechanism. (Hersey Products, Inc.) 


The disk rotates a permanent ceramic magnet 
in a sealed chamber. In a separate chamber, an 
opposing magnet operates the gear train and 
registers the gallons used. The outdoor register 
units installed in some cities have made meter 
reading simpler, Figure 15-22. 


Back water valves: A type of check valve designed 
especially for installation in the DWV piping system. 


Water meters: Mechanical devices that measure the 
amount of water passing through the water service 
into a building. 
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Code Note 


A valve must be installed near the water 

! service entry point on buildings. This valve 
should be installed in the line before connect- 
_ing the water meter and should offer little 
restriction to the flow of water. A ground key or 
ball valve is often used for this application. 


Figure 15-22. Meters with a remote read head may be 
read from outside the building. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


Al. 


2. 


<3. 


+4 


A corporation valve, curb stop, and meter 
stop are examples of ___ valves. 

A. compression 

B. gate 

C. ground key 

D. flush 

Compression or globe valves have a 

that is pressed against the opening in the 
valve to stop flow. 

A. machined disk 

B. ceramic disk 

C. rubber washer 

D. brass ball 

A valve with a machined metal disk to 
block flow and the advantage of “full-flow” 
when opened is known as a valve. 
A. globe 

B. gate 

C- bail 

D. key 

Toilets (water closets) and urinals in public 
buildings are fitted with a valve. 

A. flush 

B. float 

C. gate 

D. compression 


. Explain the purpose of check valves. 
. A float-control valve is used in a 


installed in a residential bathroom. 
. lavatory 
shower 
. bidet 
. water closet (toilet) 
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^7. Water meters are generally the property of 


the 

A. property owner 

B. state plumbing department 
C. city water department 

D. EPA 


. Water meters are generally installed and 


serviced by the 
A. property owner 

B. state plumbing department 
C. city water department 

D. licensed plumbers 


. The laying length of a water meter depends 


upon 
A. the inlet diameter 

B. its capacity 

C. the material it is made from 
D. the location of the register 


Suggested Activities 


1. Examine a ground key valve, compression 


valve, and gate valve. Disassemble each 
valve and identify the various parts. Repair, 
as required, and reassemble. 


. Obtain the manufacturer’s literature for 


one or more types of pressure regulators. 
What type of mechanism is used to regulate 
water pressure? How is the valve set to the 
appropriate pressure? 


. Beginning with the curb stop, sketch the 


water supply system of a one-story home 
with a bathroom and kitchen. Identify the 
location of each valve and briefly describe 
its function. 


Water Heaters 


Objectives 


This chapter deals with the design, opera- 
tion, and installation of the water heaters used 
in homes and small commercial buildings. 


skal studying this chapter, you will be able to: 
'e List two'basic types of water heating sys- 
tems used in residences and small commer- 
cial buildings. 
e Describe the basic differences in the types 
and explain how they operate. 


e Demonstrate, with some technical detail, 
how the controls and heating elements of 
water heating systems work. 

e Explain the steps for installing a water 
heater. 


Technical Terms 


Flue Safety cutoff 
Liquefied petroleum thermostat 
gas (LPG) Temperature / 
Recovery rate pressure (T/P) 
Energy Guide relief valve 
Program Instantaneous 
Thermostat Tankless water 
Setpoint heaters 
Standing pilot Storage loss 


Most residential and light commercial 
structures have centrally located units that heat 


and store hot water. These units need piping to 
bring in cold water and to carry heated water 
to hot water fixtures in the building. 
Instantaneous water heaters are growing in 
importance and the number of installations, 
especially in residential settings. These systems 
heat water on demand and do not require a 
storage tank. 

Water heating systems may be fueled by 
electricity or gas. Units that use gas as a source 
of heating energy will also require: 


e Piping to carry the fuel to a burner unit. 


e Venting to carry away gas vapors and other 
products of combustion. 


The plumber is responsible for installing 
the piping for water heaters. You should be 
familiar with the special plumbing needs of 
these units. Plumbers also install water heating 
systems and perform minor maintenance on 
them. A basic understanding of how water 
heating equipment operates will be supplied in 
this chapter. 


Storage-Type Water 
Heaters 


The most common water heating equip- 
ment combines a heating unit with a tank for 
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storing the heated water, Figure 16-1. The basic 
purpose of this combination is to automatically 
provide a supply of hot water at a preset 
temperature. 

The design of the storage tank takes advan- 
tage of water’s natural properties. Figure 16-2 
describes how a water heater functions. Cold 
water flows into the tank near the bottom. As 
the water is heated, it expands. Since expansion 
makes it lighter, it rises to the top of the tank, 
where it can be drawn off. As heated water 
cools, it becomes denser and sinks to the 
bottom of the tank, where it is heated again. 
This circulation of water within the tank 
ensures that a reservoir of hot water will be 
available at all times. This reserve of hot water 
is necessary because heating large quantities of 
water rapidly can be expensive. The size of 
storage tank needed depends on the peak 
demand for water in the building. 


Figure 16-1. Modern automatic water heaters are 
safe, convenient, and attractive. (A.O. Smith Corp.) 
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Figure 16-2. The operation of a water heater requires 
a heat source, controls, safety devices, and an insul- 
ated tank. 


History Brief 

The first automatic storage-type water 
heater was developed in the 1880s by Edwin 
Ruud while he was working for George 
Westinghouse, founder of Westinghouse 
Corporation. Mr. Ruud purchased all rights to 
the invention from Westinghouse for $125 and 
went in business for himself. The company he 
founded, Ruud Manufacturing, is now a divi- 
sion of the Rheem Manufacturing Co. 
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Energy Sources 


Water heaters can be classified into two 
types, based on the energy source: 


e Those that use a gas or liquid fuel. The fuel 
is burned by the heater to raise the water 
temperature. Natural gas is the most 
common energy source, but liquefied petro- 
leum gas and fuel oil are also used. 


e Those that use electricity to heat a resis- 
tance coil placed inside the heater’s storage 
tank. 


Natural gas water heaters, Figure 16-3, 
burn their fuel in a firebox (combustion 
chamber) located under the tank inside the 
outer metal jacket. Since the byproducts of 
combustion must be removed, a flue carries 
them outdoors or to a chimney. The flue is a 
tubelike passage that usually runs up the 
center of the heating tank. As the hot exhaust 
gases move through the flue, baffles collect 
more of the heat and transfer it to the water in 
the tank. 


Cold water inlet 


a Hot water outlet 


Insulation — 


Flue with 
baffle 


Sensing element . 
for thermostat 


Thermostat 


Figure 16-3. Cutaway view of gas-fired water heater. 
(A.O. Smith Corp.) 
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Flue: A tubelike passage that usually runs up the 
center of the heating tank. 


Liquefied petroleum gas: A fuel that is much more 
concentrated than natural gas, It is stored in large 
tanks as a liquid but vaporizes before it burns. 


Recovery rate: Speed at which a water heater will heat 
cold water to the desired temperature. 
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Heaters using liquefied petroleum gas 
(LPG) are designed and operated the same 
way as natural gas heaters. However, the fuel 
and heating orifices are smaller, because the 
fuel is much more concentrated. The fuel is 
stored in large tanks as a liquid, but vaporizes 
(becomes a gas) before it burns. 

Oil-burning water heaters are rarely used. 
They have a pump mechanism to pressurize 
the oil, which is then sprayed as a mist into the 
combustion chamber. The burner units are 
similar to those of oil-fired furnaces. 

Water heaters powered by electricity use a 
resistance heating element to raise the water 
temperature. The insulated heating element is 
immersed in the water. It needs no flue, 
because it burns no fuel. Most electric water 
heaters require 240V wiring. 

Some electric heaters are two-stage models. 
This means they have two heating elements. In 
normal operation, only the lower coil is 
working. When larger amounts of hot water 
are used, and hot water must be replaced more 
rapidly, only the top coil operates. Since it is 
larger, it produces more heat. 


Selecting a Storage-Type 
Water Heater 


Selecting the right type of water heater will 
depend on several factors. No one unit or type 
is “right” for every situation. You will need to 
consider the following: 


e Types of fuel available and their relative 
costs. Gas may not be piped to certain areas 
or gas service may not have been extended 
to the building. In other instances, electric 
heat may be too expensive to consider. 


e The capacity of the water heater. If there is 
to be enough hot water for domestic use, 
the tank must have enough capacity to keep 
up with demand. The size of the storage 
tank and the recovery rate determine the 
capacity of a water heater. The recovery rate 
is the speed at which cold water can be 
heated. The table in Figure 16-4 recom- 
mends the minimum storage tank size 
and input rating of water heaters. If a 


260 Section 2 Plumbing Systems 


FHA Minimum Direct Gas-Fired Water Heater Sizes for 
One- and Two-Family Units 


| Storage tank capacity (gal.) | 30 30 40 { 


Figure 16-4. The FHA has set these minimum direct gas-fired water heater sizes for one-and two-family units. 


large-water-volume appliance, such as an 
automatic washer, will be installed, select 
the next larger size storage tank or heater 
with a higher input rating. This will offset 
greater hot water requirements. 


e Durability. The ability of the heater to 
stand up to daily use depends on the mate- 
rial used in its manufacture. Units are made 
in galvanized steel, copper, and glass-lined 
steel. Glass-lined steel tanks are usually 
preferred for both economy and durability. 
One indicator of the quality of the tank is 
the guarantee offered by the manufacturer. 
High-quality tanks should last 15 to 25 years 
with proper care. However, water conditions 
in some localities will shorten the heater’s life. 


e Ability to hold heat. Insulation around the 
storage tank reduces heat loss and fuel 
consumption. It is wise to select units that 
are fully insulated. Gas water heaters that 
have met industry standards bear the 
American Gas Association (AGA) seal of 
approval. Electric water heaters are tested 
and approved by the Underwriters 
Laboratories (UL). 


The Energy Guide Program is administered 
by the Federal Trade Commission (FTC). This 
program requires that many appliances, such 
as residential water heaters, be tested and 
labeled to indicate energy consumption levels. 
A plumber should know how to interpret the 
information included on the Energy Guide 
label. This allows him or her to inform a con- 
sumer correctly of the water heater’s capacity. 
See Figure 16-5. Note that the largest number 
shown on the guide is the estimated annual 
energy cost. The energy cost of the most effi- 
cient model in this size range is given to the left 
of this number. To the right, the estimated energy 
cost for the least efficient model is shown. 


40 40 50 40 50 50 50 


To make these estimates, several assump- 
tions are made about heated water use. A state- 
ment is shown about the output in terms of 
gallons of heated water. This figure indicates 
the number of gallons of water that can be 
drawn before the water temperature drops 
more than 20°F. Note that a range of sizes of 
water heaters is identified. 

A second assumption relates to the cost of 
energy. The national average is used to obtain 
the cost estimate shown in large type. To obtain 
an estimate that is more accurate for a partic- 
ular location, use the table at the bottom of the 
label (with the heading “Yearly Cost”). By 
knowing energy costs for the location where 
the unit will be installed, you can estimate the 
yearly energy cost. In preparing these esti- 
mates, an additional assumption (about the 
amount of hot water used) is also made. 
Therefore, the actual energy cost for a partic- 
ular installation will vary. Since all the water 
heaters are tested under the same conditions, 
however, it is reasonable to assume that 
changes in energy cost will be proportional to 
the amount of water heated. 


Code Note 


Water heaters that burn fuel such as natu- | 
ral gas are not to be installed in a storage 
closet. If a fuel-fired water heater is installed in 
a bedroom, it must be in a sealed enclosure | 
with provision for obtaining all combustion air 
from outside the building. 


Energy Guide Program: A program administered by 
the Federal Trade Commission (FTC) requiring that 
many appliances, such as residential water heaters, be 
se and labeled to indicate energy consumption 
evels. 


Water Heater 
WATURAL GRS 
FIRST HOUR RATING: 63 
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Figure 16-5. Energy guide labels are affixed to all new water heaters. They provide a standard for comparing 


energy consumption. 


Controls and Safety 
Devices 


Since water must be neither too hot nor too 
cold, a temperature control called a thermostat 
is placed in the water heater. A thermostat is a 
device that will turn an energy source on and 
off as needed. The essential part of any thermo- 
stat is a sensing element that is acted upon by 
changes in temperature of heat. This element 
can be a tube filled with a liquid or a gas, a strip 
made up of two metal parts, or a spring 
bellows. Movement of the sensing element 
(due to expansion or contraction) opens or 
closes a switch or a valve. 

When water in the tank reaches a preset 
temperature (a setpoint), the thermostat turns 
off the energy supply to the water heater. This 
stops the heating action. 


progr 


Thermostat: An automatic device that will turn an 
energy source on and off as needed. 


Setpoint: A preset temperature. 
Standing pilot: A pilot flame that burns constantly. 


When cold water enters the tank, the water 
temperature decreases. When it drops below 
the thermostat’s setpoint, the sensing element 
turns on the energy supply and the water is 
again heated to the desired temperature. 


Gas-Fired Water Heaters 

Some gas-fired water heaters are equipped 
with electronic ignition systems that light a 
pilot flame or the main burner when the ther- 
mostat calls for heat. Most gas heaters, 
however, have a standing pilot (a pilot flame 
that burns constantly). A typical control for a 
gas-fired water heater with a standing pilot is 
shown in Figure 16-6. When the water heater 
is operating normally, the pilot light heats a 
thermocouple. This produces a small electric 
current that affects the solenoid valve coil. This 
current creates a magnetic field that opens 
the valve plunger, and thus, the main gas 
supply line. 

Before gas can flow to the main burner, 
however, a second valve must open. This is 
the thermostat valve, shown to the right of 
the solenoid valve. It is controlled by the 
expansion and contraction of the heat-sensing 
unit (thermostat). As the water temperature 
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Figure 16-6. Typical valve control unit for a gas-fired 
water heater. It has two valves. The solenoid valve, 
controlled by the pilot flame, remains open as long as 
the pilot light is burning. The thermostat valve is 
opened and closed by the heat-sensing element as 
water temperature changes. 


decreases, the sensing unit contracts, or 
becomes shorter. This opens the thermostat 
valve, allowing gas to flow to the main burner 
and be ignited. As the temperature of water in 
the tank increases, the sensing unit expands. 
When the water temperature reaches the 
setpoint (typically, 120°F), the sensing unit 
closes the thermostat valve, cutting off the flow 
of gas to the main burner. 

The pilot light receives its flow of gas 
through a bypass from the main passage. This 
allows it to burn constantly. If the pilot light 
were to stop burning, the solenoid valve would 
close and shut off the gas supply. 

A fail-safe device built into the control is the 
safety cutoff thermostat. If the water tempera- 
ture exceeds a predetermined safe limit, it 
interrupts the current to the solenoid coil. This 
causes the solenoid valve to close, shutting off 
the gas supply. 


Electric Water Heaters 

Electrically-heated water storage tanks 
generally contain two heating elements. Each 
of the heating elements is thermostatically 
controlled, Figure 16-7. The core of a heating 
element is a high-resistance metal that heats as 
electricity is passed through it. The metal core 
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Figure 16-7. Cutaway shows heating elements and 
controls for an electric water heater. 


is not in contact with its outside metal jacket. A 
sheathing material separates the two. 

A water heater is built so that heated water 
leaves the tank from the top and cold water 
enters at the bottom. The cold water causes the 
lower heating element to operate until the 
water temperature has reached a predeter- 
mined level. If large quantities of hot water are 
drawn from the tank, however, the cold water 
entering the tank may rise to the level of the 
upper heating element. When this happens, 
the upper element turns on, and the lower 
element automatically turns off. This prevents 
overloading the electrical circuit supplying 
the water heater. The advantage of the 


Safety cutoff thermostat: A fail-safe device built into 
the control that shuts off the gas supply if the water 
temperature exceeds a predetermined safe limit. 


two-element arrangement is that the recovery 
time of the water heater is reduced. Recovery 
time is the period needed to bring water in the 
tank back to the desired temperature. 

Figure 16-8 shows how the electric water 
heater is wired. Note that only one element can 
be heating at any one time because of the 
double-pole switch at the upper element. The 
high-limit protector is an automatic safety 
device that shuts off all electrical current to the 
water heater if the water temperature exceeds 
180°F (82°C). Since overheating of the water 
can only occur when one or both of the thermo- 
stats is not functioning properly, you must 
repair or replace the defective part before reset- 
ting the high-limit protector. See Chapter 29, 
Repairing Water Supply Systems, for addi- 
tional information on malfunctioning water 
heaters. 
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Figure 16-8. Typical wiring diagram for an electric 
water heater. 


meesme 
Temperaturelpressure (TIP) relief valve: Safety device 
on hot water and steam piping systems. This valve 
opens to permit hot water or steam to escape and cold 
water to enter the tank. 
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Relief Valves 

An additional safety device is the 
temperaturelpressure (TIP) relief valve shown 
in Figure 16-9. The purpose of this valve is to 
prevent excess temperature or pressure from 
building up in the tank. The T/P relief valve is 
installed in a specially designed opening in the 
top of the tank. If the temperature and/or the 
pressure exceeds designed limits, the valve 
opens, allowing water or steam to escape. The 
drip line extends from the T/P relief valve to a 
floor drain. 

Temperature /pressure relief valves must be 
properly installed and operational. Water 
heaters have been known to explode because of 
excessive temperature and/or pressure, 
causing extensive damage. The major hazard is 
a buildup of superheated water in the tank. If 
the thermostat that controls the water tempera- 
ture should fail, the temperature in the tank 
would continue to rise. Water normally boils at 
212°F. However, the boiling temperature of 
water in a sealed container increases as the 
pressure increases. This can result in super- 
heated water. When water changes to steam, its 
volume increases approximately 1600 times. 
This huge increase in volume could cause the 
tank to explode. The T/P relief valve opens to 
release the pressure, preventing an explosion. 


Figure 16-9. Temperature/pressure relief valves pro- 
vide protection from explosion in case the water 
becomes overheated. (Watts Regulator Co.) 
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A less frequent problem is surges of excess 
water pressure in the system. This could occur 
as a result of a rapidly closing valve, resulting 
in a sudden increase of water pressure. The 
T/P relief valve protects the water tank from 
this pressure by allowing water to escape. 

A T/P relief valve should be manually 
opened approximately once a year. If water 
does not flow out of the drip line, replace the 
valve immediately. 


T/P relief valve 


p= Drip line 


Installing Storage-Type 
Water Heaters 


Gas-or oil-fired heaters should be placed 
near a chimney or flue for proper venting. As a 
rule, they should be located within 15’ of such 
an outlet to ensure proper draft. For the same 
reason, avoid having too many bends in the con- 
necting pipe. Bends tend to block movement of 
exhaust gases into the chimney. Flue connec- 
tors should be at least as large as the heater 
flue outlet. Heaters and furnaces may use the 
same chimney if the heater flue enters the chim- 
ney above the furnace flue. Horizontal runs of 
pipe should slope upward 1/4” per foot. 
Connecting to a furnace flue directly is often 
permitted if a Y connector is used. Never use a 
T connector! 

To connect the gas or oil supply piping to the 
heating unit, use black iron pipe and fittings. A 
shutoff valve should be attached to the piping 
between the water heater and the fuel supply, so 
that the fuel can be shut off for removal or repair 
of the water heater. 

Flexible corrugated brass connectors will 
simplify the hookup of hot and cold water lines, 
if local code allows them. If regular pipe connec- 
tions are required, however, dielectric unions 
must be installed, Figure 16-10, to prevent cor- 
rosion. Install a valve on the cold water inlet to 
the water heater to eliminate the need to turn off 
the entire cold water supply when draining or 
replacing the unit. 


Figure 16-10. Dielectric unions are used to connect 
piping made of dissimilar metals when installing a 
water heater. The unions help prevent corrosion. 


Code N Note 


Appliances used to heat water must be 
protected from both excess teens and 
excess pressure. This can be done with sepa- 
rate temperature and pressure relief valves or 
with a combined temperature/pressure (T/P) 
relief valve. These valves must be installed so 
that they sense the temperature and pressure 
within 6” of the top of the water tank. 


The T/P relief valve is installed in a specially 
designed opening in the top or side of the stor- 
age tank or its case. Follow the manufacturer’s 
directions to ensure safe operation of the water 
heater. A drip line should be attached to the out- 
let of the T/P relief valve. This drip line cannot be 
directly connected to the DWV piping, because 
of the potential for cross connection. It can be 
extended to the exterior of the building or to a 
receptor such as a floor drain. The typical instal- 
lation extends the drip line to 6” to 12” above a 
floor drain. (An air gap must be maintained 
between the end of the drip line and the drain to 
prevent backflow.) Thus, any hot water escaping 
from the T/P relief valve will be directed safely to 
the sewer. 

If a high volume of hot water is required, it is 
possible to connect two water heaters in parallel, 


Figure 16-11. Connecting in parallel means that 
the cold water supply line must connect to the 
inlet of both tanks. Likewise, the hot water outlet 
from both tanks must connect to the hot water 
piping. It is important that the length of pipe from 
the tee in the cold water supply to the tank inlets 
be equal in length. Also, the length of pipe from 
the tank outlets to the tee at the hot water piping 
must be equal in length. Failure to install the 
pipe so that these lines are equal will result in 
unequal amounts of hot water being drawn from 
the two tanks. Properly connecting the tanks in 
parallel will double the amount of hot water 
available. An additional advantage is that if 
maintenance is needed on either of the tanks, 
the work may be performed without interrupting 
the hot water supply. 

Water heaters can also be connected in 
series, Figure 16-12. This type of installation is 
typical when a solar collector or a heat pump is 
used to assist in the heating of water. 
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Code Not 


Many codes require fuel-fired water | 
heaters installed in garages to be elevated 18” 
| above the floor. This is done to reduce the pos- 


sibility of the water heater’s gas flame igniting 
gasoline vapors that might escape from a 
vehicle. 


Instantaneous Water 
Heaters 


Instantaneous, or tankless water heaters 
have been widely used in European countries 
and in Japan for many years. In the United 
States, until recently, the most frequent applica- 
tions have been for point-of-use heating of 
water. An example is an instantaneous heater 
installed in the hot water supply piping near 
the inlet to a dishwasher. Most of these units 


Instantaneous water heater: Tankless water heater 
frequently used for point-of-use heating of water. 
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Figure 16-11. Two water heaters connected in parallel 
can double the capacity of the system. It is important 
that the two legs of the cold and hot water piping be 
equal in length. (A.O. Smith Corp.) 
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Figure 16-12. Connecting two heaters in series is 
common when the preheat tank is operated from a 
solar collector or other alternate energy source. 


use an electrically operated heating element 
that is bonded to the water heating chamber, 
Figure 16-13. When water is drawn from the 
faucet, the thermostatic control turns on 
the heating element. In this example, the 
instantaneous heater is being used to supple- 
ment the regular water heater. A more sophisti- 
cated instantaneous water heater, shown in 
Figure 16-14, contains a small (one-half gallon) 
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Figure 16-13. A simple instantaneous water heater 
can be installed as a preheater for a dishwasher. 
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Figure 16-14. Some instantaneous water heaters 
have a tank in which a small amount of water is kept 
hot. (NuTone) 


tank that stores water at 190°F. Thermostatic 
controls prevent overheating the water. 

Larger instantaneous heaters, designed to 
serve an entire house or apartment, have been 
introduced into the U.S. market in recent years. 
These units, Figure 16-15, are generally gas- 
fired. They include a burner, heat exchanger, 
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Figure 16-15. Larger instantaneous water heaters are 
generally gas-fired. 


water supply piping, and safety devices. Water 
temperature is monitored at the outlet of the 
heater, and used to regulate the heating unit. 
These units are relatively small and are often 
mounted on a wall. Some are designed to be 
vented through the wall or roof. 


History Brief 

Records indicate that an Englishman 
| named Maughan invented the first instant 
water heater in the 1870s. His work is believed 
to have influenced Edwin Ruud’s work in 
developing the first automatic storage-type 
| water heater. 


ee < = = a . —— = J 


Instantaneous water heaters are gaining 
wide acceptance because they save energy by 
heating water only when it is needed. The 
storage-type water heaters discussed in the 
preceding section lose a considerable amount 
of heat through the tank walls, regardless of 
whether hot water is being used or not. This 
heat loss is referred to as storage loss. Since 


Storage loss: The loss of a considerable amount of 
heat through the tank walls, regardless of whether hot 
water is being used or not. 


instantaneous heaters either do not have 
storage tanks or have very small tanks, they 
avoid this waste of energy. By locating the 
instantaneous water heaters at the point of use, 
long runs of hot water piping can be eliminated. 
This not only reduces piping costs, but also 
eliminates the heat loss that would otherwise 
occur through the pipe walls. Vacation homes 
or other seldom used facilities are common 
applications for instantaneous water heaters 
because storage heat loss in these installations 
can account for nearly all of the energy cost. 

Another reason that instantaneous water 
heaters are gaining wide acceptance is that 
they are smaller than the storage-type heaters 
and can be located nearly anywhere. While this 
may not be a major advantage in a large home, 
it can become important in an apartment. 

Instantaneous water heaters must be sized 
correctly. Accurate estimates of hot water 
demand must be made. Figure 16-16 provides 
approximate hot water consumption for 
common fixtures. More accurate figures may 
be obtained from the manufacturers of the 
fixtures being used. Assumptions must be 
made about the number of fixtures that are 
likely to be in use at any one time. This will be 
affected by the number of people living in the 
home. The temperature difference between 
cold and hot water must be determined. 
Combining this data permits the output of the 
instantaneous heater to be specified in terms of 
the number of gallons of water per minute that 
must be raised in temperature a specific 
number of degrees. This information may be 
compared to manufacturers’ specifications to 
select an appropriate unit. Figure 16-16 
includes two examples of preparing hot water 
demand specifications. 

Cost is an important consideration in the 
selection of an instantaneous water heater. 
Large-capacity instantaneous heaters are more 
expensive to purchase than storage-type 
heaters that will produce the same output. 
Since there is no reservoir of hot water, even a 
brief demand that exceeds the output of the 
instantaneous heater will result in water that is 
colder than desired. For example, it is usually 
too costly to install a unit with enough capacity 
to provide for washing clothes and showering 
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Bathtub 3.6 


Dishwasher 15 
Kitchen sink 1.6 
Lavatory 0.3 
Shower 2.5 
| Washing machine 33 


Specifications for an instantaneous water heater 
to provide supplemental heating of water entering 
a dishwasher 


Hot water requirement 1.5 gal./min. 
Input water temperature 120°F 
Output water temperature 180°F 
Temperature differential 60°F 


Therefore, an instantaneous water heater that will 
deliver 1.5 gal./min. with a 60°F temperature rise will 
meet the need. 


Specifications for a whole house instantaneous 
water heater 


Assume that the maximum simultaneous use of 
fixture will be: 


Bathtub 3.6 gal./min. 
Dishwasher 1.5 gal./min. 
Lavatory 0.3 gal./min. 
Total 5.4 gal./min. 
Inlet temperature 50°F 
Outlet temperature 120°F 
Temperature rise 70°F 


Therefore, an instantaneous water heater that will 
deliver 5.4 gal./min. with a temperature rise of 70°F 
will satisfy the need. 


Figure 16-16. Hot water demand of common fixtures. 


at the same time. To find this type of water 
heater satisfactory, users may need to change 
their lifestyle. 

A second concern with instantaneous water 
heaters relates to very low flow rates. Some 
heaters may overheat the water if the flow rate 
is low. More sophisticated controls are avail- 
able that regulate the heater in relationship to 
the flow rate. Controlling the output tempera- 
ture is essential in any installation where the 
flow rate of heated water is likely to vary. In 
cases where the flow rate is constant and 
predictable, the simpler on/off variety of 
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instantaneous heater will work. For example, 
the on-off type of control would work well for 
a heater that serves only a dishwasher. 

Instantaneous heater installations vary by 
energy source and by size of the unit. 
Electrically heated units are generally smaller 
and do not require vent piping, so they can be 
installed nearly anywhere. Gas- or oil-fired 
units require a vent to the exterior of the 
building and supply piping for fuel. Refer to 
the manufacturer’s requirements and your 
local plumbing code to ensure that the installa- 
tion is correct. 


Solar Water Heating 


Heating water with solar collectors can 
eliminate much of the energy requirement for 
water heating. However, a solar water heating 
system is expensive to install and maintain. As 
a result, the amount of solar assisted water 
heating that is done is directly related to energy 
cost. As energy costs increase, the demand for 
solar assisted water heating is likely to 
increase. Generally, solar water heating is more 
practical than solar space heating, because the 
system is smaller and it can be used all year. 

Several types of solar water heaters are 
available. One of the more practical designs 
combines solar heating with back-up heating 
using conventional fuels. Such a system guar- 
antees a consistent supply of hot water without 
the need to over-design the system to account 
for days when little solar energy is collected or 
when hot water demand is unusually high. 

The solar-assisted water heating system 
shown in Figure 16-17 begins operation by 
sensing that the temperature in the collector is 
greater than the temperature in the storage 
tank. The pump is activated and the fluid in the 
collector is pumped through the heat 
exchanger inside the storage tank. When the 
temperature in the collector drops below the 
storage tank temperature, the pump turns off. 
As water is drawn from the water heater, it is 
replaced by preheated water from the storage 
tank. Cold water entering the storage tank 


reduces the temperature in the storage tank. 
This may cause the pump to be activated if the 
temperature in the collector is greater than the 
temperature in the storage tank. Systems of this 
type are available prepackaged from a variety 
of manufacturers. For details of their operation 
and installation requirements, consult the 
manufacturer’s literature. 

Solar swimming pool heaters can extend 
the length of time the pool is warm enough 
to use. In some areas of the country, this 
may extend the pool-use period by as much 
as two months. The schematic drawing in 
Figure 16-18 shows how a typical system 
works. In this system, the pool water is 
pumped through the collectors. No heat 
exchanger is used. This means that when the 
nighttime temperature drops below freezing, 
the system must be drained to prevent damage 
to the collector and other parts of the system. 
Note that a fuel-fired heater may be installed to 
heat the water when the sun fails to provide 
sufficient heat. The system shown makes use of 
the existing pump used to force the pool water 
through the filter. Thus, the major additional 
cost for such a system is the solar collector 
panels. 

For any solar system to be effective, the 
collector panels must be located where they 
will collect the maximum amount of solar 
energy. Location and sizing of the panels must 
be done in relationship to the site where the 
collectors will be installed. Rooftop positions 
are often preferred because they are less likely 
to be shaded by growing plants and trees. 


Heat Pumps 


Heat pumps, Figure 16-19, reduce the 
energy needed for water heating. They extract 
heat from the outside air and transfer it to the 
water. A heat pump works like air conditioners 
in reverse. Refrigerant (in the form of gas) 
absorbs heat and is compressed to concentrate 
the heat. The elevated temperature of the 
refrigerant (now liquid) is transferred to the 
water in a heat exchanger. As it gives up heat, 
the refrigerant once again becomes a gas. This 


heater 


PIPING SYMBOLS 
H+} UNION 


A T-P RELIEF VALVE 


HOT WATER MIXING 
VALVE 


PUMP (Supplied) 


NaS 
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Figure 16-17. This solar-assisted water heating system uses a conventional water heater to maintain constant 


water temperature. (Rheem Mfg. Co.) 


cycle can be repeated indefinitely. The only 
energy needed is for operating the pump to 
compress and circulate the refrigerant through 
the system. 

It should be understood that the system 
will work even when the temperature is below 
freezing. The freezing temperature of water is 
32°F; however, this does not mean that no heat 
is present in the air. In fact, absolute zero is 
more than —400°F. 


Insulation 


Insulating hot water pipes from the water 
heater to each fixture will reduce energy 
consumption and more quickly supply hot 
water at the faucet. It may make it possible to 
operate the water heater at a lower tempera- 
ture because of reduced heat loss. This is partic- 
ularly helpful for long runs of pipe, because the 
amount of water that is wasted waiting for hot 


270 Section 2 Plumbing Systems 


Collector 
Collector sensor 

Heater 
(optional) 


Heater 
bypass valve 


Filter pump 


Pool sensor 
Figure 16-18. Solar poo! heaters can increase the useful season of a swimming pool by two months. 


Hot water Cold water 
outlet inlet 


i... Arrows show movement of cooler water from the 
bottom of the tank into the heat pump water heater 
and the heated water back into the tank where 
natural stratification causes it to rise toward the top 
for delivery. 


Heat pump 


Thermostat 
low voltage wire 


Lower tank Í 
thermostat | | 
- BS Coaxial Water Connection 

A coaxial water connection fitting is supplied 
ye z JA with each unit, permitting simple, single-point 
S 
S oa 
= 


connection to the water tank at the drain valve 
opening. Cold water flows to the heat pump and 
heated water is returned to the tank through this 
fitting. Since cool water is introduced at the 
bottom of the tank, temperature of warmer 
water near the top of the tank is maintained. 


Figure 16-19. Heat pumps reduce the energy requirement for heating water. Piping shown here is for illustration 
purposes only. In actual installation, the drain valve must be positioned at the same height or lower than the water 


heater outlet for complete tank draining. (Rheem Mfg. Co.) 


water to reach the faucet adds to both water Retrofit insulation kits are available to be 
and energy consumption. It is also possible to installed on the water heater tank. 
add insulation to the water heater itself. 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


i 


. As water is heated, it 


The cold water inlet for a water heater 
extends of the water storage tank. 

A. to the middle 

B. 6” below the top 

C. 24” above the bottom 

D. to the bottom 

tothe _ioff 


the tank. 


. The temperature of the water in the storage 


tank is controlled by a 


. The safety valve installed in a water heater 


to exhaust excess heat and relieve excess 
pressure is called a 


. True or false? Electric water heaters must be 


vented to a flue so that fumes can escape to 
the outside of the buildings. 


. A three bedroom home with two baths 


should be equipped with a water heater 
that has a capacity of at least gallons. 
A. 30 
B. 40 
CSO 
D. 100 


. The pilot light of a gas-fired water heater 


serves two purposes. Identify both of them. 
A. Heats water 

B. Ignites the gas 

C. Preheats the thermostat 

D. Heats a thermocouple 


. Electrically operated water heaters usually 


have two heating elements. They operate as 

follows (select correct answer): 

A. If one element burns out, the other takes 
over to heat water. 

B. When rapid hot water recovery is 
required, both elements will operate. 

C. Normally the lower element does all the 
heating. However, when large quanti- 
ties of water are used, the upper heating 
element turns on and the lower element 
shuts off. 


. Assume that a 40-gallon water heater weighs 


75 pounds and water weighs 8 pounds per 
gallon. How many pounds will the water 
heater weigh when it is filled? 


10. 


i 


12 


hs. 


14. 


15: 


16. 


17. 


18. 
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A. 395 pounds 

B. 320 pounds 

C. 107 pounds 

D. 920 pounds 

If an empty cylindrical tank measures 30” in 

diameter by 5’-6” in length and weighs 120 

pounds, what will the tank weigh when 

completely filled with water? 

What are the advantages and disadvan- 

tages of instantaneous water heaters? 

Describe three installations where instanta- 

neous water heaters are likely to be less 

expensive to purchase and operate. 

How do instantaneous water heaters that 

are designed to serve an entire house or 

apartment differ from point-of-use units? 

A valve should be installed on the cold 

water inlet to the water heater to 

A. control volume of water coming into the 
heater 

B. shut off hot water flow to a fixture 
needing repair 

C. shut off water flow when heater needs 
repairs or replacement 

Some tankless (instantaneous) water heaters 

may the water if the flow rate is slow. 

Identify four means of saving energy when 

heating water. 

Why do instantaneous water heaters use 

less energy than the storage-type heaters? 

What condition must be met before the 

collector fluid begins to circulate through a 

solar water heater system? 


Suggested Activities 


ile 


2A 


Install a water heater in an existing 
building or a plumbing module. 

Study manufacturers’ literature describing 
different water heaters. Make note of how 
the units differ and what characteristics 
they have in common. 


. Examine cutaway temperature /pressure 


relief valves and thermostats to understand 
how they function. 


. Study the history of water heaters to learn 


how water backs and other methods of 
water heating were used in the past. 
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Designing 
Plumbing 
Systems 


Objectives 


In this chapter, you will find the principles for 
designing drain/waste/vent (DWV) and water 
supply systems that will provide long and 
satisfactory service. Storm water piping is 
discussed in Chapter 24, Storm Water and 
Sumps. 


can studying this chapter, you will be able to: 
Apply information in various tables to 
determine adequate size of DWV piping 
and water supply piping. 

e Plan plumbing installations to serve indi- 
viduals with physical disabilities. 

e Plan efficient DWV and water supply sys- 
tems to conserve plumbing materials. 


e Design plumbing systems that are easily 
serviced. 


e Recognize cross connections and explain 
how to avoid them. 


Technical Terms 


Americans with Indirect siphonage 
Disabilities Act Momentum 
(ADA) of 1990 siphonage 

Rough-in dimensions Back pressure 

Load factor Evaporation 

Building drain Capillary action 

Siphonage Individual venting 


Potable water 
Pressure-relief valves 
Shutoff valves 

Water hammer 

Air chambers 


Unit vents 
Circuit vents 
Relief vents 


Wet vent 
Looped vent 
Cross connections 


Every successful plumbing system design 
begins by identifying needs. The owner, archi- 
tect, or some other responsible person must 
indicate: 

e The number and type of bathrooms. 

e The extent to which the plumbing facilities 
will be used by individuals with physical 
disabilities. 

e Fixtures, water supplies, and drainage facil- 
ities needed in the kitchen and laundry 
rooms. 


e Type of hot water supply. 


e Whether or not a water softener and/or a 
filter will be included. 

In commercial buildings, the number of 
people who will use restroom facilities and the 
extent to which individuals with physical 
disabilities will be served must be considered. 
In addition, DWV may be needed for: 


e Food preparation areas. 
e Water fountains. 


e Cooling towers for air 
equipment. 


conditioning 
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e Locations where manufacturing processes 
require liquids or gases. 

The focus of this chapter is on designing 
residential plumbing systems. However, many 
of the same design considerations are appro- 
priate for small commercial installations. 


Before the days of indoor plumbing in 
America, the outhouse provided a degree of 
privacy and shelter. The typical outhouse was 
approximately 4’ square by 7’ tall. A 2’ high 


box in the back half of the space had one or 
| two holes cut in it to provide toilet seats. A 
| deep trench or pit below the outhouse held the 
waste. Toilet facilities in some parks and 
camping areas are similar in design to the out- 
house of old. 


Basic Design 


Considerations 


All plumbing system designs 
consider these basic needs: 


must 


e Ample facilities for those who live or work 
in the building. 

e Requirements for individuals with physical 
disabilities. 

e Adequate DWV and water supply piping 
for each fixture. 


e Economical DWV and water supply piping 
installation. 


Whether facilities are ample depends on the 
type of building and the number of people who 
are expected to use those facilities. The typical 
residential building code requires that each 
housing unit (single family home, condo- 
minium, or apartment) must have at least one 
bathroom equipped with toilet, lavatory, and 
tub or shower. Also, the kitchen area must be 
equipped with a sink. In addition to these 
minimum requirements, many homes have 
laundry facilities, additional bathrooms, water 
heaters, and HVAC (heating, ventilation, and 
air-conditioning) equipment that require 
drains. Homes with basements will need floor 


drains. Most homes have hose bibbs on 
the exterior for watering plants and per- 
forming exterior cleaning tasks. 

The plumbing requirements for commercial 
and public use buildings vary depending on 
the number of people who are likely to use the 
building. In general, at least one restroom for 
men and one for women is required on each 
floor. The number of toilets and lavatories will 
vary depending upon the number of people to 
be served. Buildings such as hotels and hospi- 
tals generally have one bathroom per room. In 
addition, these buildings typically have public 
use restrooms, kitchen areas, water fountains, 
and custodian’s rooms that require plumbing. 
The HVAC system and some specialized equip- 
ment may also require plumbing. Drainage of 
storm water from the roof and removal of 
groundwater below basement floors makes it 
necessary to install storm drainage piping. See 
Chapter 24, Storm Water and Sumps, for more 
information on storm water drainage. 

Plumbers are responsible for installation of 
the DWV and water supply piping and may 
install some storm water piping. To properly 
design the system, it is essential to know where 
fixtures are to be installed and where floor 
drains and hose bibbs are to be located. Where 
the water supply will enter the building from 
the main and where the sewage piping will exit 
from the structure must also be determined so 
that piping can be designed. 

Individuals with physical disabilities may 
require canes, crutches, walkers, or wheel- 
chairs for mobility. The Americans with 
Disabilities Act (ADA) of 1990 mandates that 
places of employment and structures used by 
the general public be constructed with rest- 
rooms that are accessible to physically disabled 
individuals. The standards developed as a 
result of this law also serve as guidelines for 
plumbing installation in homes where handi- 
capped individuals live. These standards were 


Americans with Disabilities Act (ADA) of 1990: Law 
mandating that places of employment and structures 
used by the general public be constructed with rest- 
rooms that are accessible to physically handicapped 
individuals. 


developed and will be updated periodically by 
the American National Standards Institute 
(ANSI) and can be obtained from ANSI. ADA 
Accessibility Guidelines for Building and Facilities 
is a federal government publication that 
contains details about the standards. It can be 
accessed at www.access-board. gov. In general, the 
standards describe minimum requirements for: 


e The number and location of accessible 
plumbing facilities. 

e Access leading to plumbing facilities. 

e Clear floor space adjacent to each fixture. 

e Critical dimensions of fixtures. 


e Clearances around fixture, including knee 
room. 


The minimum requirement is to provide at 
least one handicapped-accessible restroom on 
each floor. Typically, this requirement is met by 
installing at least one toilet and one lavatory 
that meet the standards within a public use 
restroom. If the restroom serves a large number 
of people, additional accessible facilities are 
required. It is also acceptable to meet this 
requirement by installing a separate unisex 
restroom that meets the ADA standards. 

Hallways leading to the restroom must be a 
minimum of 36” wide and doorways must 
provide an opening that is a minimum of 32” 
wide. A space that is at least 60” in diameter is 
required to rotate a wheelchair 180°. 

Clear floor space requirements, critical fix- 
ture dimensions, and clearances are discussed 


Code Note 
The Americans with Disabilities Act (ADA) 
of 1990 focuses on making buildings accessi- 
ble for individuals who use wheelchairs and 
other devices to improve mobility. It also 
includes standards to aid individuals who find 
it difficult to bend. While the basic design con- 
cepts for plumbing systems are not altered by 
this law, the location of plumbing fixtures and 
the size and shape of the pathway to them 
have been altered in public buildings and 
places of employment. Also, as the population 
continues to age, more people will incorporate 
these standards into the design of homes. 


~~ 
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in the sections about design of bathrooms and 
kitchens. 

Adequate piping means that the DWV 
piping and water supply piping must be the 
correct sizes to serve the fixtures connected 
to them. Pipe and fittings must be of good 
quality so that they will remain free of leaks 
for the life of the structure. DWV piping must 
have adequately vented traps to ensure an 
airtight seal is maintained at each fixture. 
These precautions will prevent damage to the 
building and assure that unpleasant and 
potentially harmful gases will not enter living 
spaces. The DWV piping must have cleanouts 
installed at critical locations so that clogged 
pipes can be cleared. Sizing of DWV and 
water supply piping is discussed later in 
this chapter. 

Economical DWV and water supply instal- 
lation can be achieved by clustering fixtures as 
much as is practical. Building designs that 
place bathrooms and kitchens in close prox- 
imity are generally more economical than 
designs that widely separate plumbing facili- 
ties. The trend toward larger homes with large 
bathrooms and kitchens will increase the cost 
and complexity of plumbing systems. Longer 
horizontal runs of DWV piping increase the 
need for vents and make the installation of 
cleanouts more critical. 

With these considerations in mind, it is 
possible to make decisions about the plumbing 
system for different parts of the building. The 
relationship of rooms within the structure and 
the location of fixtures within these rooms are 
discussed before the design of the DWV piping 
system is considered. 


Relationship of Rooms 


Decreasing the amount of piping reduces 
both material and labor costs. Therefore, it is 
good economics to place rooms needing 
plumbing near each other. Such rooms can be 
grouped in different ways. In a well-planned 
building, kitchens, bathrooms, and laundry 
areas are often placed back-to-back, above and 
below each other, or otherwise arranged so that 
piping runs are considerably reduced. 
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This aspect of planning is the job of the 
architect or the person who has drawn up the 
plans for the structure. The plumber’s first step 
is to study the plans to identify the fixtures 
needed in kitchen, bath, and utility rooms. Skill 
is required in locating piping to take advantage 
of grouping these fixtures. 

Figure 17-1 is an example of how the room 
arrangement in a two-story home can make 
efficient plumbing installation possible. Since 
the soil stack requires the largest diameter pipe 
and fittings, it is the most expensive part of the 


Figure 17-1. This is an efficient layout of utility room 
and bathrooms. Since the rooms are aligned vertically, 
they are served by one soil stack. (Relief vents are 
omitted.) 
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DWV piping system. Considerable savings can 
be realized if fewer fittings and less pipe is 
used. 

Large apartment buildings with many 
stories are a good example of this planning 
approach. In nearly all cases, they contain a 
kitchen-bathroom core that runs vertically 
through the building. Thus, one soil stack 
serves a number of apartments. 


Arranging Bathroom 
Fixtures 


Another important step in designing 
plumbing systems is locating fixtures inside 
the bathroom. Again, proper grouping of the 
fixtures will reduce material costs. The fixtures 
should be placed, if possible, so that all 
drainage piping is in or near one wall. 

Several conventional bathroom layouts are 
shown in Figure 17-2. They differ in size and 
type of fixtures included. Some layouts 
succeed in keeping piping in one wall. Other 
layouts are acceptable but will require more 
materials. When designing a layout, try to 
provide the owner with a functional arrange- 
ment while conserving as much material as 
possible. 


built in the U.S. to have a complete bathroom | 
in each guest room. The hotel was constructed | 
in Buffalo, New York in 1908. The bathrooms | 
were approximately 5’ x 7’ and contained a 
water closet, lavatory, and bathtub. This bath- 
room became the model for the 1920s urban 
building boom that brought bathrooms into 
American middle class homes. 


In laying out bathrooms, care must be 
exercised to provide ample room for using the 
facilities. Maximum and minimum dimensions 
for fixtures and accessories are given in 
Figure 17-3. These dimensions are acceptable 


Plumbing wall 


Window 
optional 
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7-0” >» | 
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Figure 17-2. Single bathrooms. A—This arrangement is suitable for a small bathroom. All plumbing lines are con- 
tained in the plumbing wall. However, the door does not provide for the greatest privacy. B— This arrangement 
for a nearly square room will require more piping to reach the tub. C— This bathroom makes maximum use of a 
common plumbing wall. From the standpoint of using the least DWV piping, can you determine where the soil 


stack should be in the plumbing wall? 


for plumbing in homes and other facilities that 
do not serve physically disabled individuals. 
Plumbing facilities that will be used by 
physically disabled individuals must meet the 
standards established by ADA. Clear floor 
space requirements in front of fixtures are 
greater in ADA-compliant bathrooms. These 
requirements are summarized in Figure 17-4. 
More space is required so that an individual in 
a wheelchair can get to the fixture. Note that 
the floor space required may differ depending 
upon the direction from which the fixture is 
approached. The standards do provide a 
number of alternatives to these requirements 


where special conditions in existing buildings 
make it impossible to fully comply. The stan- 
dards also include requirements for grab bars 
to be located at each fixture. 

Additional requirements for the installation 
of specific fixtures are described in the fol- 
lowing sections. 


Kitchens 


In kitchens, as in bathrooms, it is desirable 
to keep piping to a minimum. However, the 
planner must also be concerned about the work 
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Figure 17-3. Dimensions and location for bathroom fixtures and accessories. 


area created by the relative positions of the 
stove, refrigerator, and sink. If this “work 
triangle” is kept small and free of cross traffic, 
there will be fewer steps and interruptions 
while moving from any one of these points to 
the others. 

Once the basic layout of the kitchen has 
been determined, the plumber must identify 
the fixtures and accessories that are to be 
installed. DWV piping may be needed for: 


e Sink. 
e Garbage disposal. 
e Dishwasher. 


Sinks used by physically disabled individ- 
uals are to be installed a maximum of 34” above 
the floor, and they are required to be a minimum 
of 17” deep. Knee and toe clearance is required 
as shown in Figure 17-5. Hot water and drain 
pipes that are exposed under the sink must be 
insulated. No sharp or abrasive surfaces are 
permitted in the area below the sink. Faucets 
must be either lever-operated, push-type, touch- 
type, or electronically controlled. 


Utility Rooms 


In the utility room, piping is usually 
needed for a washing machine and water 
heater, and sometimes for a laundry tub or 
utility sink. It is also common practice to place 
a floor drain in this area. In addition, it may be 
necessary to include drainage for a humidifier 
and an air conditioner evaporator in the 
furnace bonnet. 

As with the bathroom and kitchen, fixtures 
in the utility room should be located as close 
to one another as is practical to keep the 
cost down. 


Code Note 


A washing machine is typically connected 
to the DWV system with a standpipe. 
Standpipes must extend at least 18” but not 
more than 42” above the trap. 
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Figure 17-4. The ADA basic requirements for clear floor space at fixtures. A—Lavatory, sink, or urinal. B—Water 
closet outside a stall. C—Water closet inside a stall. D—Bathtub. E—Shower stall. 
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Figure 17-5. ADA knee and toe clearance require- 
ments at sinks and lavatories. 


Water Supply to the 
Exterior of Buildings 


Hose bibbs located along the outside walls 
of a building provide water for lawn and 
garden watering, and for performing a variety 
of maintenance tasks. Some buildings will be 
equipped with irrigation systems to water 
landscape plants. These systems may require 
large quantities of water and therefore rela- 
tively large diameter pipe and fittings. If 
special filters or water softening equipment 
will be used to treat water that will be used 
inside the building, the piping to hose bibbs 
and irrigation systems is generally routed 
around the treatment equipment. This can 
greatly reduce the treatment load. 


Selecting Specific Fixtures 


Before the complete details of the piping 
system can be worked out, fixtures must be 
selected so that the rough-in dimension of 
each can be determined. Rough-in dimensions 
indicate where the DWV and water supply 
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piping must be located in the wall or floor. 
Since the size of drainage pipes may vary for 
different fixtures, the plumber must know the 
sizes of the drain from each fixture. One-half 
inch water supply piping is generally sufficient 
for fixtures. Where water closets equipped 
with flush valves are installed, 4” water supply 
piping will be needed at each water closet. 


ADA Fixture Requirements 

Plumbing fixtures used by physically 
disabled individuals must meet specified 
requirements. These requirements make it 
possible for physically disabled individuals to 
use the facilities with the least amount of diffi- 
culty. Those that relate specifically to plumbing 
fixtures and faucets or valves are outlined in 
the following paragraphs. It should be noted 
that grab bars and handrails are also required 
in restrooms that are designed to serve the 
physically disabled. If you install these acces- 
sories, you will have to consult the standards to 
determine the requirements for size, location, 
and strength of the devices. 

Both sinks and lavatories must be selected 
to provide the necessary knee clearance while 
not exceeding the 34” maximum height above 
the floor. Also, the location of the drain needs 
to be toward the rear of the sink or lavatory, so 
that the waste piping can be installed a 
minimum of 8” back from the front edge of the 
fixture. Water supply and waste piping must 
be insulated to prevent injuries to the knees. 
The faucets that are installed must be able to be 
operated with one hand and not require tight 
grasping, pinching, or twisting of the wrist. No 
more than 5 foot-pounds of force can be 
required for operation. Lever-operated, push- 
type, and electronically controlled designs are 
generally acceptable. If self-closing valves 
are used, they must remain open at least 
10 seconds. 

Water closets for physically disabled indi- 
viduals are taller than regular water closets 
(17”-19” to the top of the seat). For this reason, 
rough-in for the water supply piping may be 


Rough-in dimensions: Dimensions that indicate 
where the DWV and water supply piping must be 
located in the wall or floor. 


somewhat higher than is customary. The flush 
mechanism must conform to the same basic 
Operating requirements as sink and lavatory 
faucets. It should also be noted that toilet seats 
that have a spring mechanism designed to 
return them to the raised position are prohib- 
ited on water closets installed to serve physi- 
cally disabled individuals. 

Urinals must be of the stall-type or the 
wall-hung type, with an elongated rim at a 
maximum of 17” above the finished floor. The 
flush controls must meet the same require- 
ments as sink and lavatory faucets. 

The controls for a bathtub must be located 
no more than 33” above the finished floor. The 
faucets for bathtubs must meet the same 
requirements as those for sinks and lavatories. 
The tub shall be equipped with a shower 
device that can be used both as a fixed shower 
head and as a hand-held unit. The hose for the 
shower device must be a minimum of 5’ long. 
A bathtub for the physically disabled must be 
equipped with a seat that meets specific criteria 
regarding to size, strength, and location. 

Shower stalls must provide ready access for 
wheelchairs and for individuals using walkers, 
canes, or crutches. Therefore, shower bases 
without curbs are preferred. However, 36” x 36” 
showers are permitted to have a curb that is a 
maximum of %” high. It is often desirable to 
install a floor drain near the entrance to this 
type of shower to ensure that water can be 
drained from the bathroom floor. Controls for 
showers are to be located between 38” and 48” 
above the floor in the area shown in Figure 17-4E. 

Install drinking fountains for the physically 
disabled so the spout outlet is no higher than 
36” from the finished floor. Cantilevered units 
shall have knee room that is a minimum of 27” 
high, 30” wide and 17” to 19” deep. Water 
supply and waste piping must be kept out of 
this space. The piping should be padded if it is 
outside the enclosure of the drinking fountain. 


In 1895, the governor of New York signed 
legislation requiring that cities establish and 
maintain public baths if ordered to do so by the 
local Board of Health. 
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Designing DWV 
Piping 

DWV piping systems operate on gravity. 
Proper slope of horizontal runs is very impor- 
tant. A drop of %” to %” per foot is considered 
adequate. This will provide for good drainage, 
but will not move liquids along so rapidly that 
solid waste is left behind to clog the drain. 

Because of the need for the DWV system to 
operate by gravity, it is generally best to design 
this piping first and then design the water 
supply piping to fit around it. 

Drainage piping is the most expensive part 
of the piping system. It should be kept simple, 
not only to avoid drainage problems but to 
keep down its cost. In determining the location 
of bathroom fixtures, for example, the designer 
should try to place the toilet where it requires 
the least material and fewest turns. Tub, 
shower, and lavatory location would be consid- 
ered after the toilet, since the drain piping is 
smaller and less expensive than soil pipe. In 
Figure 17-6, the toilet has a direct, short run 
into the soil stack. 

The type of material selected for the DWV 
system (ABS, PVC, copper, or cast iron) will 
depend on local plumbing code requirements, 
cost, and preference of the owner. Chapter 14, 
Piping Materials and Fittings, provides addi- 
tional information about piping materials and 
fittings. 


Size of Pipe 


Selecting the correct DWV pipe size for 
each fixture drain and for the soil stack is 
extremely important. Pipe that is too small will 
not permit waste to flow properly from the 
fixture, resulting in a clogged pipe. If the pipe 
is too large, several other disadvantages 
become apparent: 

e Considerably more space is needed for 
installation. Studs must be wider in 
plumbing walls in order to conceal the 
large-diameter pipe. 

e Large piping is more expensive. 
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Figure 17-6. A well-planned bathroom layout. Note that planner has given each plumbing fixture a load factor 
according to amount of liquid the fixture discharges during a given interval. The larger the number, the greater the 


volume. 


e Large pipe is more difficult to install. 

e Oversize pipe is not efficient in carrying 
away solid waste. Scouring action of the 
water is reduced and flow is too shallow to 
carry away solids. They tend to settle in the 
drain, where they soon cause a stoppage. 


Drainage Studies 


Studies have been made to determine the 
smallest pipe size that can be satisfactorily 
used for various types of fixtures and the pipe 


size that must be used if a given combination of 
fixtures is installed on a branch line or on a 
soil stack. 

The study group, with representatives from 
management, labor, and government agencies, 
tested plumbing fixtures to measure the 
amount of liquid each could discharge over a 
measured time interval. A lavatory, they found, 
could discharge about 7% gallons of water a 
minute. This was very close to a cubic foot of 
water, so it became the basis of the measure- 
ment system. Since a lavatory can discharge 
about 1 cubic foot of water per minute it receives 
a number 1. This is called its load factor. 


Load Factors 


A load factor indicates approximately how 
many cubic feet of water per minute a fixture 
discharges into the drain. Figure 17-6 is a 
sketch of a typical bathroom plumbing system. 
It shows load factors for each fixture. Standard 
charts have been developed to show these 
factors for many fixtures. They can be used by 
plumbers to properly determine drain sizes. 
See Figure 17-7. Note that the load factor for a 
low-flow toilet is 3, even though the toilet 
discharges only 1.6 gallons of water per flush. 
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Figure 17-7. Load factors and trap sizes for many 
plumbing fixtures. 


Load factor: Factor that indicates approximately how 
many cubic feet of water per minute a fixture dis- 
charges into a drain. 


Building drain: The drainage pipe connecting the soil 
stack to the sewer or septic tank. 
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A load factor of 3 is necessary because the 
waste is discharged in less than a minute. Also, 
the size of the solids in the waste would clog 
smaller-diameter pipe. Factors not listed in a 
load factor chart can be estimated by using the 
values given in Figure 17-8. 


Computing Sizes 


Consider the DWV piping for the bathroom 
shown in Figure 17-9. Branch A receives a load 
factor of 3 from the water closet. Branch B 
receives a load factor of 4 from a bathtub 
and large lavatory. Thus, the soil stack must 
be able to handle a load factor of 7 (toilet, tub, 
and lavatory combined). The chart shown in 
Figure 17-8 gives the branch lines sizes 
required for these fixtures: bathtub (1%”), toilet 
(3”), and lavatory (1%”). The combined load 
factor for the branch to the lavatory and the 
bathtub, however, is 4. Therefore, the pipe 
connecting the lavatory drain to the soil stack 
must be 2” in diameter. See Figure 17-10. Since 
the maximum load for a 1%” horizontal branch 
is 3, the next larger size must be selected for the 
run of pipe from the stack to the lavatory drain. 

As a general rule, a stack must never be 
smaller than the largest branch entering it. The 
stack must also be designed to accommodate 
the load factors indicated in Figure 17-11. In 
the previous example, a 3” stack is required. 

A building drain (the drainage pipe 
connecting the soil stack to sewer or septic 
tank) must be sized and sloped to carry the 
load of waste received from the dwelling. 
Figure 17-11 gives load factors for various 
combinations of sizes and slopes. 


Figure 17-8. Table for estimating load factors for other 
types of fixtures not listed in Figure 17-7. (Adapted 
from the National Building Code) 
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Figure 17-9. Simple bathroom drainage piping with 
load factors and sizes determined. 


The example and the tables in this section 
should be used only as a guide in designing a 
system. The plumbing code for a given area 


“Not more than two water closets 
Figure 17-11. Building code-recommended sizes and 


slopes for building drains. Note that %c” fall is not rec- 
ommended with drain pipe smaller than 8” diameter. 


may contain somewhat different requirements. 
In every case, the local plumbing code is the 
final authority and must be followed. 


Venting DWV Piping 

Vents permit air to circulate through the 
waste piping. Their function is to maintain air 
inside the waste piping at a nearly constant 
pressure. Further, vents exhaust sewer gas 
buildup above the roof. Venting is important— 
without it, the waste piping system will not 
function as intended. 


Figure 17-10. Plumbing codes use charts like this to guide plumbers in designing adequate size into drainage 


branches and soil stacks. 


History Briet 
d Early attempts to install bathrooms in the 
_ homes of wealthy New York families failed to 
_ produce the desired results because plumbers _ 
were not aware of the need to vent the DWV 
piping system. As a result, traps were 
siphoned or blown and sewer gas entered the 
bathroom. The reputation of the plumbing 
trade was at stake, so a special meeting of 
master plumbers was called to consider the 
problem. One of them suggested that it was 
necessary to balance the air pressure inside 
the system with atmospheric pressure. He was 
given permission to test his idea on a previ- 
ously installed system. He installed a 4” lead 
pipe from a point near each trap and extended 
it through the roof. The improvement was 
immediate. Although the small vents later 
clogged and the undesirable condition 
returned, this experiment is believed to be the 
beginning of modern venting practice. 


Maintaining Atmospheric 
Pressure in the Waste 
Piping 

Traps installed in the waste piping prevent 
sewer gas from entering the building by 
providing a water seal. The primary function of 
a vent is to prevent loss of this seal. Siphonage, 
back pressure, evaporation, capillary action, 
and wind can cause the loss of water in the 
traps. The following discussion will help you 
understand how each of these conditions 


occurs. 
Siphonage occurs for two different reasons: 


e Ifa partial vacuum is created in the waste 
piping, water may be siphoned (drawn) 
out of one or more traps, Figure 17-12. This 
is the reason that S-traps are not legal. 
The installation of a vent, as shown in 


Siphonage: A partial vacuum created by the flow of 
liquids in pipes. 

Indirect siphonage: The action that occurs when the 
discharge from one fixture causes water to be drawn 
from another fixture. Also called momentum siphonage. 
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Figure 17-12. Siphonage can be caused by a partial 
vacuum in the waste piping. A—With the atmo- 
spheric pressure equalized, the trap remains filled. 
B—Discharging waste sets up conditions for forming a 
vacuum in waste pipe. C—Without a vent to equalize 
pressure on both sides of the trap, water is siphoned, 
destroying trap seal. 


Figure 17-13, will prevent this from occur- 
ring because air, at atmospheric pressure, 
enters the waste piping near the trap. 


e Indirect siphonage (also called momentum 


siphonage) takes place when the discharge 
from one fixture causes the water to be 
drawn from another fixture. Figure 17-14 
illustrates how this can occur. Negative 
pressure at the lower trap is caused when 
the flow of water drags air with it through 
the vertical pipe. This problem can be 
solved by installing the proper size stack 
and by adding a vent near the trap on the 
lower level. If the stack is large enough, the 
water flowing through it will not com- 
pletely fill the pipe. Thus, air may enter or 
escape while water is being discharged. A 
vent near the lower trap, however, would 
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Figure 17-13. Vent installed in line near a trap equal- 
izes air pressure to stop siphonage from the trap. 


bring in air at atmospheric pressure to 
protect the trap seal. 


Code Note 


The horizontal distance from the vent that 

a fixture trap can be located is limited by code. — 

: The larger the pipe diameter, the greater the 
| distance. Consult local code for specifics. 


(RRO AS 


Back pressure can cause the loss of a trap 
seal when air pressure builds up in the system. 
The high-pressure air blows through one or 
more traps. Back pressure becomes a greater 
problem as buildings become taller. For 
example, if the water flowing through the 
waste piping completely fills the stack, air pres- 
sure will build up ahead of the slug of water. 
Unless this pressure can escape directly to the 
atmosphere, it will blow through a trap. This 
problem can be prevented by the installation of 
a vent near the fixture traps or at points where 
piping changes direction. 

Evaporation of water in the trap can also 
cause the seal to be lost if the plumbing system 
is not used for an extended period. If this is 
likely to happen, deeper traps can be installed 
or a trap primer can be used to add a small 
amount of water to the trap each time a nearby 
faucet or valve is opened and closed. 


Sink 


Waste pipe 
Lavatory 


Negative pressure 
~~ causes water to be 


siphoned from trap 


Figure 17-14. Water flow through the stack can cause 
reduced pressure at the outlet of the trap. The vacuum 
thus created “pulls” the water out of the trap. 


Capillary action is still another cause for 
loss of water in a trap. Again, this is unlikely to 
happen. However, foreign materials, such as 
string or a rag, can lodge in the trap. Capillary 
action could then cause the water to leak from 
the trap through the fibers of the material. The 
string or rag will absorb water and act much 
like a hose to siphon away the water. This 
process takes very little time. Generally, the 
next use of the fixture will flush the string or 
rag through the trap and the problem ceases. 

Wind blowing across the top of a stack can 
cause a downdraft. This downdraft may act as 
back pressure in the stack. Placing stacks away 


Back pressure: Compressing of trapped air in 
plumbing systems, which resists the flow of waste 
through the DWV piping. 

Evaporation: Loss of water (especially in a drainage 
trap) to the atmosphere. 


Capillary action: Water leaking through fibers of a 
foreign material, causing water loss in a trap. 


from roof valleys and roof ridges tends to elim- 
inate this problem. 


2 Code Note 
The height that a vent must extend above 
the roof and the minimum distance it must ter- 
minate from window and door openings is con- 
trolled by code. Check local code for the 
requirements in your area. 


Venting Methods 


Several different methods of venting are 
used to maintain atmospheric pressure at all 
points in the waste piping. Residential and 
light commercial plumbing may use one or 
more of the following type vents: 


e Individual. 


e Unit. 

e Circuit. 
e Wet. 

e Looped. 


Individual venting is best because every 
trap is vented, Figure 17-15. The vent must be 
installed as close to the trap as possible. Few 
residential plumbing installations are individu- 
ally vented, however, because of the cost. 

Experimentation has shown that other 
forms of venting are acceptable under certain 
conditions. 

Unit vents can be installed where two 
similar fixtures discharge into the waste 
piping, Figure 17-16. The installation is made 
with a double combination Y and % bend with 
deflectors. This fitting produces the smooth 


Individual venting: A method of maintaining atmos- 
pheric pressure at all points in the waste piping in 
which every trap is vented. 

Unit vents: One vent pipe that serves two or more 
traps. 

Circuit vents: A method of venting installed on two or 
more fixtures that discharge into a horizontal waste 
branch. 

Relief vents: A method of venting that helps eliminate 
back pressure buildup. 
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Figure 17-15. Individual vents nearly eliminate the 
possibility of trap seals being lost. 
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Figure 17-16. Unit vents serve two similar fixtures 
installed back-to-back. 


flow required for proper functioning of the 
waste piping. 

Circuit vents are installed on two or more 
fixtures that discharge into a horizontal waste 
branch, Figure 17-17. The vent is placed 
between the last two fixtures on the branch. 
Discharge from the third fixture tends to wash 
away any material that may otherwise block 
the vent. 

Relief vents were mentioned earlier in 
discussion of back pressure. At any point in the 
waste piping where the pipe direction changes, 
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Figure 17-17. Circuit vents are installed on horizontal 
branches serving two or more fixtures. 


it is desirable to install a relief vent to help elim- 
inate back pressure buildup. See Figure 17-18. 
This is especially important when the waste 
piping is more than three stories high. 

A wet vent is that portion of the vent 
piping through which liquid waste from 
another fixture also flows. Fixtures dis- 
charging only liquid waste can be safely 
connected to a wet vent. Connections from 
bathtubs, showers, lavatories, and drinking 
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Í Water 
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Cleanout 
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Figure 17-18. Relief vents are placed where waste 
piping changes direction. 


fountains are generally acceptable. Kitchen 
sinks, toilets, washing machines, and dish- 
washers should not be connected to wet vents. 
A typical example of a wet vent is shown in 
Figare 17-19: 

A looped vent is one that dips below the 
flood rim of the fixture before rising to connect 
with the vent stack. It is sometimes installed in 
remodeling work or in special installations 
where the extension of a vertical stack near the 
fixture is impractical. Figure 17-20 is an 
example of a looped vent. This is not the most 
desirable venting method, but it will work 
satisfactorily if the pipe is large enough. 


Sizing Vent Piping 


As a general rule, vents may not be smaller 
than the largest branch entering them. They 
must be designed to handle the load factors 
indicated in Figure 17-7. 

Maximum acceptable horizontal distance 
between the trap and the stack for different 
sized waste piping has been established by the 
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Figure 17-19. Wet vents can be installed to serve fix- 
tures that discharge only liquid waste. 


eee 
Wet vent: The portion of the vent piping through 
which liquid waste from another fixture also flows. 


Looped vent: A vent that dips below the flood rim of 
the fixture before rising to connect with the vent stack. 


ke This connection must be above the 
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Figure 17-20. Looped vents are sometimes installed 
when vertical stacks would be objectionable. A bleeder 
connection is needed to drain collected moisture. 


National Building Code. The need for a relief or 
circuit vent can be determined by applying the 
data in Figure 17-21. 

The fittings used to install vent piping are 
the same as the waste piping. All joints must be 
sealed, and the pipe and fitting must be free of 
defects. Leaks in the vent piping could cause 
dangerous gases to escape into the building. 


Selecting DWV Fittings 

The drain-waste portion of the DWV 
system must be installed with fittings that 
encourage smooth flow of waste through the 
pipes. Three major characteristics of drain- 
waste fittings are: 


Figure 17-21. Specifications for venting lavatories that 
are long distances from the soil stack. 
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e The smooth large-radius curves produced 
at pipe joints. 

e The shoulders inside the fittings that 
prevent an offset from being created when 
the pipe is installed. 


e The built-in slope of %’—%” per foot in hori- 
zontal runs. 


Figure 17-22 is the same DWV piping 
system discussed in Figure 17-9. In this case, 
the fittings necessary to install the system have 
been identified. Note that sanitary tees are 
used at all branch intersections and that a 
cleanout is provided at the point where the soil 
stack changes direction. 


Code Note 


Local plumbing codes will include restric- 
tions on the use of drainage fittings. The | 
restrictions on the installation of heel and side 
inlet fittings and double fittings require special 
attention. Also, the required spacing of the 
cleanouts should be reviewed. 
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Figure 17-22. An isometric diagram showing plumb- 
ing fittings needed for a DWV system. 
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Designing Water 
Supply Piping 


Water supply piping is designed to function 
under a pressure of 40-60 pounds per square 
inch (psi) within the building. This means that 
different needs determine its design: 


e It is extremely important that supply 
piping not contaminate the water running 
through it. 


e Each fixture must be served by an adequate 
supply of water. 


e Provision must be made to prevent water 
from freezing in the pipe. 


e Cross connections between the water supply 
and the DWV or any other piping systems 
must be prevented. 


e Special provision must be made to relieve 
excessive pressure that can build up in 
water heaters. 


e Valves must be installed so that portions of 
the piping system can be isolated while 
repairs are made. 


e Provisions need to be made to reduce noise 
and avoid damage from water hammer and 
vibration. 


Supply Piping 

Based on these considerations, all materials, 
fittings, and valves must be selected for 
trouble-free service during the expected life of 
the piping system. PVC, CPVC, copper, or 
galvanized iron pipe and fittings are suitable 
for installation of the water supply system. 
Black iron and lead pipe cannot be used in 
the water supply system. See Chapter 14, 
Piping Materials and Fittings, for additional 
information. 


Selecting Pipe Sizes 

Selecting pipe to provide adequate water 
supply is a matter of determining or predicting 
demand at each fixture and matching the prob- 
able demand with the capability of the pipe to 
deliver the proper flow. Predictions of probable 


need at each fixture and recommendations for 
suitable sized pipe are given in Figure 17-23. 

The calculations are based on the same 
discharge rate or load factors used to deter- 
mine sizes of drainage pipe. This load factor 
was divided by 4, since no fixture or group of 
fixtures is used to capacity at all times. 

For example, a water closet equipped with 
a flush tank has a load factor of 4 because it 
discharges several gallons of water into the 
trap within a few seconds. Yet, the supply pipe 
required is only %” because, in normal usage, 
this size pipe would refill the tank rapidly 
enough to allow the fixture to be flushed again 
in a few minutes. 

Following the recommendations given in 
Figure 17-23, the branches to the lavatory and 
the tub in Figure 17-24 should be %” diameter. 
The water closet needs only a %” line. In prac- 
tice, though, the water closet branch would be 
roughed in with %” pipe. Only the finished, 
exposed pipe would be %”. 

A rule of thumb for sizes of pipes that 
supply two or more branch lines is as follows: 
e Up to three %” branches can be supplied by 

a 4” pipe. 

e Up to three %” branches can be supplied by 

a %” pipe. 

e Up to three %” branches can be supplied by 

a 1” main. 


For small installations like the one shown in 
Figure 17-24, a 4%” main is sufficient. If galva- 
nized iron pipe is used for the installation, it 


Branch Pipe Sizes 
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Figure 17-23. Testing and experience has shown 
which size of pipe is adequate for each kind of fixture. 
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Figure 17-24. Simple bathroom water supply system. 


would be desirable to use %” because galva- 
nized pipe has a tendency to collect mineral 
deposits, particularly in the hot water piping. 
Over time, deposits will reduce the inner diam- 
eter of the pipe, reducing its carrying capacity. 
In residential and small commercial instal- 
lations, an adequate water supply can gener- 
ally be obtained by following the procedures 
described previously. However, there are three 
other considerations that need attention when 
selecting pipe sizes: 
e Height of the installation above the entry of 
the water supply into the building. 


e Length of pipe. 
e Number and type of fittings installed. 


Height of Installation 

Pressure to force water through the water 
supply piping is produced by one of two 
methods. 

One of these methods involves pumping 
water into a water tower and permitting it to 
feed the water mains using the force of gravity. 


pressure while storing a reserve of water for 
peak use periods. The other method, frequently 
used in privately owned residential water 
systems, uses a pump to push the water 
through the water supply piping system. 

To understand how the water pressure at a 
given outlet will be affected by the height of the 
water tower, study Figure 17-25. The water 
pressure at the base of the tower has a direct 
relationship to the height of the tower. For each 
foot of height, the pressure increases 0.433 psi. 

Assuming that the first floor of Building B 
is 50’ above the base of the water tower and the 
floors in the building are 10’ apart, the theoret- 
ical water pressure on the third floor is deter- 
mined by the height of the water in the tower 
above the third floor (80’). 

Further study of the illustration shows that 
the difference between the theoretical water 
pressure available to the third floor and that 
available in the basement is about 13 psi. 

It is very important to consider this factor 
when designing a water supply system. Upper 
floors of tall buildings may be nearly as high or 
higher than the water tower. It may be neces- 
sary to install a water storage tank on the roof 
and pump water into this tank in order to 
adequately supply the upper floors. On the 
other hand, in buildings that are considerably 
below the water tower, such as Building A, it 
may be necessary to install control devices to 
reduce the water pressure. 


oa 
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_Code Note 


Because of the need to conserve water, 
many local codes limit the flow rate of fixtures | 
and faucets. The International Residential 
Code 2000 includes the following maximum 
flow rates: 


e Lavatory faucet—2.2 gom @ 60 psi. 

e Shower head or hand held spray— 
2.5 gpm @ 60 psi. 

e Sink faucet—2.2 gpm @ 60 psi. 

ə Water closet—1.6 gallons per flushing 
cycle. 
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50 x .433 = 21.7 
P= 60x .433 = 26.0 
70 x .433 = 30.3 
80 x .433 = 34.6 
90 x .433 = 34.0 
= 100 x .433 = 43.3 
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Figure 17-25. This simplified diagram of gravity pressure system shows the relationship of water pressure to 


height of water tower. 


Length of Pipe 

Water passing through a pipe is slowed by 
friction. The longer the pipe, the more the pres- 
sure will drop since there is more friction to 
overcome. The amount of friction per foot of 
pipe is determined by the inside diameter of 
the pipe and the roughness of the inside wall. 
Calculation of the amount of pressure loss due 
to friction within a pipe is rather complicated 
and need not be considered, except on rela- 
tively large piping jobs. For residential work, 
installing the next-larger diameter pipe on runs 
of 50’ or more will compensate for the friction 
loss. For additional information on water pres- 
sure losses through pipe friction, see the Useful 
Information section. 


Number and Type of Fittings 

The number and type of fittings installed 
will have considerable effect on water pres- 
sure. Piping, therefore, should be installed 
with the least number of fittings possible. See 


Figure 17-26. In cases where there must be 
many fittings, maintain water pressure by 
using pipe that is one size larger. 

A combination of errors or problems in 
height, pipe size, and number of fittings can 
have extreme effects on water pressure. It is 
absolutely necessary that plumbers be aware of 
the problem. Equally important, they should be 
able to apply principles discussed in this unit 
to solve particular problems. 


Preventing Freezing 


In northern climates where temperatures 
fall below 32°F (0°C), exposed pipe with water 
standing in it will freeze. Since water expands 
as it turns to ice, the added pressure may burst 
water pipes and fittings. Replacing damaged 
piping is expensive and time-consuming. An 
added inconvenience is losing use of all or part 
of the system until the pipe is thawed or 
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Equivalent Length of Pipe Allowances for 
Friction Loss on Threaded Fittings 


Figure 17-26. Pressure losses due to fittings in the supply line can be measured in terms of equivalent pipe 


lengths. 


replaced. Freezing is likely to occur in the 
following situations: 


e When a water supply line is not installed 
below the frost line. 


e When the supply lines must be installed 
in crawl spaces rather than in heated 
basements. 


e When piping is installed in outside walls in 
northern climates. 


e When outdoor faucets are provided for 
hose connections. 


While planning installations, plumbers can 
take precautions to avoid the inconvenience 
and expense of repairing frozen plumbing: 


e Consult local plumbing codes for depth of 
frost line. Install outside lines below that 
level. (Although this is usually done when 
the structure is built, later landscaping or 
remodeling may change the contour of the 
ground, causing pipe to be nearer the 
surface.) 

e Wrap exposed pipe in crawl spaces with 
insulation or fit them with thermostatically 
controlled heating tape. 

e Avoid placing plumbing in outside walls in 
colder climates. Instead, try to place pipes 
in partitions. If they must go in outside 
walls, insulate them well. 


Cross connections: Any link between contaminated 
water and potable water in the water supply system. 


Potable water: Water that is satisfactory for drinking 
and domestic purposes. 


e Freezeproof hose bibbs should be used. An 
alternative is to install a drain or waste cock 
inside the building. This type of valve will 
shut off the water and drain water standing 
in the pipe between the drain cock and the 
hose bibb. 


e Before installing either type of fixture, make 
certain that the space inside the building, 
where the hose bibb or drain cock is 
installed, is going to be heated or that 
temperatures will not drop to the freezing 
range. Faucets are freezeproof only so long 
as they stop the water at points where it 
cannot freeze. 


If the precautions described cannot be 
taken to protect pipe from freezing, a supply 
line should not be installed. There is one excep- 
tion to this general rule. Plumbing can be 
installed in buildings that will only be used 
during the warm months. In such cases, a 
cutoff valve below the frost line must be 
provided. In addition, it is absolutely necessary 
to drain the water line. To do so, a drain valve 
must be installed at the lowest point in the 
piping system. Long horizontal runs of pipe 
must be sloped toward the valve so the system 
will drain completely. 


Cross Connections 


Cross connections occur when the piping 
system containing sanitary drinking water 
(potable water) can become contaminated by 
the content of another piping system (DWV or 
unsanitary water supply used for irrigation or 
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other purposes). The actual flow of contami- 

nated fluid into the sanitary water supply 

occurs because a difference in pressure exists 
between the two piping systems. 

Figure 17-27A illustrates how a water closet 
with a flush valve could contaminate the sanitary 
water system. Favorable conditions for a cross 
connection are set up by a sequence of events: 

e The water closet is clogged. 

e The water supply is turned off or there is a 
break in the water main that causes loss of 
water pressure in the supply pipe. 

e The sanitary water flows out of the riser 
and creates a vacuum in the branch line. 

e Since the water closet is flooded to the rim, 
its contents are drawn into the sanitary 
water supply, thus contaminating the water. 
The extent of the contamination depends 

on how long the negative pressure lasts. The 
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A vacuum 
breaker 
installed 
here would 
solve problem 
by stopping 
siphonage 
Closet bend 
plugged 
Drawing water at 
lavatory can cause 
contaminated water 
to siphon into 
the supply line 
A 


Contaminated water / _ 


Section 3. Plumbing System Design and Installation 


water coming from the lavatory on the floor 
below would be contaminated. This problem 
can be solved by installing a vacuum breaker 
on the water closet. The vacuum breaker, as 
shown in Figure 17-27B, will permit air to flow 
into the line rather than allow a vacuum that 
would siphon sewage into the water supply. 

In some cases, poorly designed fixtures 
create a cross connection. The lavatory in 
Figure 17-28 has an internal faucet that is 
underwater when the lavatory becomes 
flooded. A cross connection could develop if a 
vacuum were created in the sanitary water 
supply piping system. 

Figure 17-29 illustrates a water closet witha 
built-in flush tank. Note that the bowl inlet is 
below the flood rim of the water closet. A cross 
connection is possible. These problems can 
usually be prevented by selecting fixtures that 
have the proper air gap between the flood rim 
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Figure 17-27. A plugged toilet can introduce wastewater into the water supply, unless furnished with a vacuum 
breaker. A—Installation is incorrect. Contamination results when water is drawn from the fountain on the floor 
below. B—Correct installation. Vacuum breaker flapper valve closes to stop backflow of contaminated water. Air 
enters vacuum breaker vents to prevent formation of vacuum in water supply line. l 
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Figure 17-28. This poorly designed lavatory with the 
faucet below the flood rim sets up an ideal situation for 
cross connection. 
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Figure 17-29. In this water closet, the supply tank is 
lower than the flood rim in the bowl. A plugged trap 
and a drop in water pressure would cause a cross 
connection. 


and the sanitary water supply inlet. Figure 17-30 
shows a properly designed lavatory. 

Even in cases where the plumbing is 
correctly installed originally, it is possible for 
cross connections to occur if accessories are 
added to the sanitary water supply lines. As an 
example, consider the hose and spray nozzle 
that can be installed on a faucet for washing 
hair, Figure 17-31. This type of cross connection 
could be particularly hazardous in a lavatory 
where strong chemicals or other poisonous 
materials are present. 

Designing a plumbing system that is free of 
cross connections requires two considerations: 
e Piping systems that contain sanitary 

(potable) water must not interconnect with 

other piping systems. 
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Figure 17-30. Properly designed fixtures have air gap 
to prevent cross connection during normal operation, 
even if flooding occurs. 


Contaminated 
water 


Figure 17-31. A spray nozzle attached to an open 
faucet and left lying in the water can create a cross 
connection if pressure is lost in the water supply 
system. 


e Fixtures that provide appropriate air gaps 
and/or vacuum breakers must be selected. 
Meeting these two conditions assures the 

design of a safe system. 


History Brief 
Records indicate that in 52 AD, Rome, 


Italy, had 220 miles of aqueducts that | 
could supply 300 gallons of water daily for 


each inhabitant. Early Christians denounced | 
bathing as one of Rome’s vices. When the 
Barbarians conquered the Roman Empire in 
410 AD, plumbing and sanitation systems 
were destroyed. 
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Pressure-Relief Valves 


Pressure-relief valves are devices that 
prevent development of excessive pressure in a 
water heater tank. It is general practice to have 
a dual safety system on water heaters. One 
device shuts off the gas or electricity if the pres- 
sure exceeds a safe level. A second device, a 
temperature /pressure-relief valve, permits hot 
water or steam to escape. 

These devices may be a part of the water 
heater or they may have to be added to it. Their 
purpose is to prevent the water heater from 
exploding if the thermostat ceases to function. 
In theory, either device would be satisfactory. 
However, these are mechanical attachments 
that may malfunction, so both are required as a 
safety precaution. 


Shutoff Valves 


Shutoff valves should be placed in the 
water supply piping system at different points 
to isolate small parts of the system. This makes 
it much more convenient to shut off the water 
supply to replace a faucet or make repairs 
when a part of the system develops a leak. 

For greatest convenience, a cutoff valve 
should be installed on each fixture branch. 
Thus, hot and cold water supplies can be 
turned off independently at each fixture. 
However, this type of installation may add too 
much to the cost. The second alternative is to 
install cutoff valves in the supply lines leading 
to each room. This permits the isolation of that 
particular room. 

The absolute minimum is to install a valve 
on the cold water main and another at the inlet 
to the water heater. Thus, the entire system or 
only the hot water may be cut off. Figure 17-32 
illustrates the water supply piping for a two- 
story house. Note that valves have been 
included to cut off the water supply to each 
branch. 
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Figure 17-32. This water supply piping system was 
designed for a two-story house. 


Reducing Water Hammer 
and Vibration 


The banging sound sometimes heard 
when faucets are turned off quickly is called 


Pressure-relief valves: Devices that prevent develop- 
ment of excessive pressure in a water heater tank. 


Shutoff valve: A valve installed in a water line where 
a cutoff is required. 


water hammer. It is caused by the sudden stop- 
ping of the flow of the water through the 
piping system. To understand how this noise is 
created, it may be helpful to think of the water 
as a piston moving rapidly through a cylinder, 
Figure 17-33. If the piston suddenly encounters 
a wall across the cylinder, a collision of consid- 
erable force takes place. Water hammer can be 
avoided by installing air chambers near 


Cylinder 
(pipe) 


Wall 
(closed valve) 


Figure 17-33. Water hammer caused by sudden stop- 
page of water flow. 


Water hammer: A banging sound in water supply 
pipes caused by sudden stopping of water flow. 


Air chambers: Devices that provide a cushion of air 
that can be compressed to absorb the energy causing 
the water hammer. 
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faucets. These devices, Figure 17-34, provide a 
cushion of air that can be compressed to absorb 
the energy causing the water hammer. 

A second source of noise in the water 
supply piping system is vibration from the 
flow of water through pipe and fittings. This 
problem can generally be solved by securely 
anchoring the pipe to the frame of the building. 


Trapped air 


Compressed 
air (shock 
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Water flow 


to faucet wave from { 
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Figure 17-34. Short lengths of capped pipe or spe- 
cial shock arrestors stop water hammer in supply 
pipes. A—Air chamber. B—Movable piston. (Precision 
Plumbing Products, Inc.) 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 

Do not write in this book. 

/4T)For a plumbing installation to be econom- 
ical, the kitchen, bathroom, and utility 
room must be ___. 

2. The abbreviation ADA stands for the 
Americans with__ Act. 

3. The ADA clear floor space requirement for 
a lavatory or urinal is inches wide by 
— inches deep. 

4. The critical design factor for a kitchen is the 

triangle. 

A Name the three basic piping systems found 
in most buildings. 

6. True or False? ADA has no specific require- 
ments for the location of tub or shower 
faucets. 

7. True or False? The required size of drainage 
piping is determined by adding the load 
factors of all the fixtures that empty into the 
pipe. 

8. A horizontal fixture branch that has a 
combined load factor of 5 would require a 

diameter pipe. 

9. A 4” diameter building drain with a %” fall 
per foot of run can carry a maximum load 
factor of ; 

10. The type of fitting used to connect hori- 
zontal branch drain lines to DWV stack is 
known as a (n) . 

= Venting systems are designed to l 
A. keep pipes from freezing 
®. maintain atmospheric pressure inside 

waste piping 
C. provide other routes for waste flow 
D. seal out sewer gases 

12. List the six methods of venting plumbing 
systems and describe each. 

13. The size of water supply piping varies with 
the volume of water required by the fixture 
it serves. What diameter pipe is generally 
appropriate for each of the following 
fixtures? 

. Flush tank water closet. 

Bathtub. 

Lavatory. 

. Kitchen sink. 


daa 


14. Explain why water pressure is typically 
higher in the basement of a multistory 
building than on the tenth floor. 

15. True or False? The water pressure loss due to 
friction is greater through a coupling than 
through a 45° ell of the same diameter. 

16. When a piping system containing sanitary 
(potable) water becomes contaminated by 
the content of another piping system, a 

has occurred. 

17. Plumbing codes generally require that 
water heaters be equipped with dual safety 
devices. One of the devices turns off the 
heat source and the other device, known as 
a(n) valve, permits steam or hot 
water to escape if the temperature or pres- 
sure inside the tank becomes excessive. 

18. The system of pipes designed to dispose of 
excess rainwater is known as the 
A. sanitary sewer 
B. sewer main 
C. water main 
D. storm sewer 

19. The “banging” sound sometimes heard 
when faucets or valves are closed rapidly is 
known as 
A. water hammer 
B. shock 
C. shock wave 
D. water music 

20. Explain how to eliminate the problem 
described in Question 19. 


Suggested Activities 


1. Using a set of prints for a single-family resi- 
dence, prepare an isometric sketch of the 
DWV or water supply piping system. The 
sketch should: 

A. make use of the appropriate symbols. 
B. provide adequate valves and safety 
devices. 

2. Inspect the plumbing system in a home 
under construction to determine if it meets 
the requirements described in this unit. 

3. While referring to piping drawings for a 
particular installation, select pipe sizes and 
fittings that conform to local building code 
requirements. 


Preparing for 
Plumbing 
System 
Installation 


Objectives 


In this chapter, the two stages of plumbing 
installation are described—rough-in and finish 
stage. The rough-in involves preparing the 
structure for the plumbing installation. This 
preparatory work and the extension of the 
sewer and water supply piping inside the 
building are considered in detail. 


After studying this chapter, you will be able to: 


e Plan the steps involved in bringing water 
and sewer service into a building. 


e Describe proper procedures for locating the 
DWV and water supply piping. 

e Plan all modifications that must be made to 
the structure so the plumbing system can be 
installed. 


Technical Terms 
Rough-in 

First rough 

Second rough 

Finish stage 

Curb stop 


Curb box 

Meter yoke 

Angle meter valve 
House sewer 


When plumbing is installed in a building, 
the work is done in two stages. The first stage, 
called rough-in, is generally divided into two 
parts known as “first rough” and “second 


rough.” In the first rough stage, the building 
sewer and water supply lines are extended 
from the water and sewer mains into the 
building. The second rough stage is the installa- 
tion of all plumbing that will be enclosed in the 
walls or that must be installed before the walls 
are finished. This includes the drain/waste/ 
vent system (DWV), hot and cold water supply 
piping, bathtubs, and shower bases. In the 
finish stage, lavatories, water closets, sinks, 
faucets, hose bibbs, showerheads, and 
plumbing accessories are installed. These units 
are attached after the walls are enclosed. 

Plumbing installation is divided into two or 
three stages to help coordinate the plumber’s 
work with that of other construction workers. 
Completion of the first rough may be necessary 
even before the foundation is completed so 
there is water to mix mortar for concrete block 
foundations. Having the sewer line extended 
into the basement before the concrete is placed 
for the footing also saves a considerable 
amount of hand digging. 


First Rough 


The first rough phase of a plumbing project 
involves extending the water service and sani- 
tary sewer from the mains into the building. 
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Permits are required to make connections to 
the water main and the sanitary sewer. In some 
cities, municipal employees make all connec- 
tions to the mains. Other cities license contrac- 
tors to perform this work. In some cases, 
plumbers are permitted to perform the work 
provided the installation is inspected before 
backfilling. The installation involves: 


ə Locating the water and sanitary sewer 
mains. It may be necessary to obtain draw- 
ings from the water and sewer department 
to facilitate this process. In some develop- 
ments, taps are installed in the main when 
the main is installed. If this is the case, a 
curb box should identify the location of the 
water supply piping. The sewer tap may be 
marked with a stake or its location may be 
shown on the plot plan. 


e Determining if other utilities are buried in 
the path of the water main or sewer. This is 
required by law in many states. Many 
communities have an office that coordi- 
nates information about the location of 
buried utilities. If this service is available, 
it should be used. If not, it will be neces- 
sary to independently check with the elec- 
tric, gas, phone, and cable television 
companies and the storm sewer utility to 
ensure that excavation for the water and 
sewer piping will not disturb any of the 
other installations. 


e Trenching between the mains and the 
building. Trenching is done with a backhoe 
or a trencher, Figure 18-1. Some codes 
require separate trenches for water supply 
and the building sewer. Some codes permit 
the two pipes to be run in a stepped trench 
that provides a minimum distance between 
the pipes, Figure 18-2. See Chapter 10, 
Excavating, for additional information 
about excavating, placing pipe in trenches, 
and backfilling. 


e Installing the corporation stop. A corpora- 
tion stop is installed in the water main and 
the building water supply is extended into 
the building. A connection is made to the 
sewer main and the building sewer is 
extended inside the foundation. 


Figure 18-1. Contractors often use a trencher to 
install the water, gas, and sewer lines, as well as the 
communication and electrical power cable. (Bobcat 
Company) 
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Figure 18-2. A stepped trench allows for the building 
sewer and the water line in the same trench. Local 
code dictates if this practice is permissible and the 
minimum distance between the two pipes. 


Rough-in: Earliest stage of plumbing installation. This 
stage is generally divided into two parts known as 


first rough and second rough. 


First rough: Extension of the building’s sewer and 
water supply lines from the water and sewer mains 
into the building. 


Second rough: The installation of all plumbing that 
will be enclosed in the walls or that must be installed 
before the walls are finished. 


Finish stage: The stage in which the lavatories, water 
closets, sinks, faucets, hose bibbs, showerheads, and 
plumbing accessories are installed. 
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e Inspection of the installation. The installa- 
tions must be approved by the appropriate 
inspectors before they are backfilled. 


Installing the Building 
Water Service Line 


Extending the water main into the building 
requires the installation of valves and pipe as 
shown in Figure 18-3. The corporation stop is a 
valve that is installed in the water line to 
provide a means of connecting the building 
water service pipe, Figure 18-4. Two different 
methods are used to attach the corporation 
stop to the water main: 


e The side wall is drilled and tapped, if the 
main is large enough. The corporation stop 
(valve) is threaded into the tapped hole. 


e A saddle is attached to the main and the 
corporation stop is attached to the saddle. 


Corporation 
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Curb box 
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Figure 18-4. Three different types of corporation 
valves. A—Ground key type. B—Ball type. C—O-ring 
type. (Mueller Co., Inc.) 
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Figure 18-3. This is a complete municipal water supply hookup. A corporation stop allows tapping into the water 
main without interrupting service. A curb stop permits shutting off the water supply from outside the building for 
emergencies. A meter stop valve allows cutoff of water service from within the building. (Mueller Co., Inc.) 
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This method must be used when the water 
main diameter is 4” or less and the water 
supply line to the house is 1” or more in 
diameter. 


Installation of the corporation stop requires 
the use of a drilling and tapping machine that 
uses a special bit, Figure 18-5. Careful work 
ensures a tight seal between the stop and the 
main. Refer to the operator’s manual for the 
drilling and boring machine you are using for 
detailed instruction. The basic sequence for 
installing the corporation stop is shown in 
Figure 18-6. 

Since the water main is frequently located 
below the street, it is necessary to install a curb 
stop and curb box (Buffalo box), Figure 18-7. 
These allow the water supply to the building to 


Figure 18-5. A drilling and tapping machine has a 
special bit that both drills and taps a hole in one oper- 
ation. (Mueller Co., Inc.) 


Drills and taps hole 
in pressurized main stop 


Installs corporation 


be shut off near the water main without exca- 
vating to expose the corporation stop. A short 
section of water supply pipe or tubing is 
installed from the corporation stop to the point 
where the curb stop is to be installed. 
Normally, the plumbing contractor is 
responsible for installation of the water line 
from the curb stop into the house. A water 
line is laid between the curb stop and the 
point where the water meter will be installed. 
Many codes require this to be one piece of 
pipe without joints. Soft copper or plastic 
pipe is commonly used. A meter yoke or an 


Figure 18-7. The curb box fits over the curb stop and 
makes it possible to insert a shut-off key to turn off the 
water near the street. (Mueller Co., Inc.) 
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Figure 18-6. A special drilling and tapping machine installs a corporation stop in the water main without turning 


off the water. (Mueller Co., Inc.) 
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angle meter valve is installed near the point 
where the water supply line enters the build- 
ing so that a water meter can be attached, 
Figure 18-8. City workers will install the meter. 

Openings for water and sewer access may 
have been provided in the foundation. If not, 
the plumbing contractor will cut openings with 
a masonry drill or saw, Figure 18-9. 


Sewer Line Installation 


The house sewer is the drainage piping 
between the building’s foundation and the 
sewer main or septic tank. Building sewers are 
fabricated from ABS or PVC plastic, cast iron, 
and vitrified clay pipe. ABS or PVC plastic pipe 
are most commonly used for residential and 
light commercial building sewers. Excavations 
are normally made slightly deeper than the 


Figure 18-8. An angle meter valve or a meter yoke is 
installed near the location where the water line enters 
the building. A—Meter valve. B—Meter yoke. (Mueller 
Co., Inc.) 


Curb stop: A control valve installed between the 
corporation stop and the structure. 


Curb box: A cylindrical casting placed in the ground 
over the corporation stop. Also called a buffalo box. 


Meter yoke: A valve used on a water main between 
the street and a water meter; permits installation or 
removal of the meter. 


Angle meter valve: A valve installed near the point 
where the water supply line enters the building so 
that a water meter can be attached. 


House sewer: The drainage piping between the 
building’s foundation and the sewer main or septic 
tank. 


Figure 18-9. A gasoline-powered saw fitted with a 
diamond blade is being used to cut an opening in a 
foundation wall. 


bottom of the pipe to allow gravel to be used as 
a base for the pipe. Gravel will not compact. In 
addition, it is easier to fully support the pipe by 
filling around it with gravel than it is to level 
the bottom of the trench. Also, gravel protects 
the pipe from damage that could be caused by 
larger rocks during the backfilling operation. 

In some installations, the plumbing con- 
tractor lays the entire house sewer from the 
foundation wall to the main sewer line. Care 
must be taken to provide proper slope of %” per 
foot. This must pass inspection by the appro- 
priate inspectors before water lines or sewer 
lines are covered. 


Tapping the Sewer Main 


After the sewer trench has been dug and the 
sewer main has been exposed, the sewer main 
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can be tapped. The following procedure is 
typical: 


1. Attach supportive banding. This protects the 
sewer pipe from damage during drilling. 


2. Attach the rotary saw to the sewer main and 
cut the opening, as shown in Figure 18-10. 
Use water to lubricate the cutting operation. 


3. Attach the sleeve fitting over the hole. 
Cement it in place with concrete or special 
plastic materials, Figure 18-11. The joint can 
be reinforced with additional concrete if need- 
ed. When the connection has hardened, the 
rest of the sewer line can be laid. 


Backfilling around pipe must be done with 
material that will not damage the pipe. Large | 
rocks, chunks of frozen dirt, and broken con- 
crete should not be used as backfill until the | 
| pipe has been covered with compacted earth 
_ or gravel to a depth of one foot or more. 


In residential structures, it is difficult to 
install more of the piping system until the 
foundation is completed, floor framed, 
subflooring installed, walls erected, and roof 
installed. In some cases, the second rough is 
done in phases. For example, the piping may 
be installed below the first floor concrete slab 
before the framing is completed. In multistory 
structures, it is common to begin the second 
rough on the lower levels before the framing is 
completed on the upper levels. 

In many ways, the second rough is the most 
critical and most difficult stage of plumbing. 
Pipes and fittings must be placed accurately so 
that fixtures can be easily connected later. 
Plumbers must make allowances for finished 
walls and flooring that will be installed later by 
other construction workers. If measurements 
are taken accurately and allowances are made 
for the thicknesses of materials still to be put in 
place, there will be few, if any, problems in 
connecting fixtures. 

If the building has concrete floors poured 
directly on the ground, it is necessary to install 
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Figure 18-10. Cutting an opening in a sewer main 
with a rotary saw. A—The drill is clamped in place and 
the cut is started. Adjusting the wheel raises and low- 
ers the rotary blade. B—The sewer opening is com- 
pleted and ready for the connector. 
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Figure 18-11. The completed sewer connection. A—The sleeve connector is cemented in place with a quick- 
setting plastic. Later, concrete will be placed around the joint for added protection. B—The completed sewer line 


slopes down from the house drain to the sewer main. 


all horizontal runs of DWV pipe before the slab 
is poured. This work is done after the founda- 
tion walls are in place so that accurate mea- 
surements can be made. Typically, water supply 
piping is installed overhead, rather than burying 
it under the concrete. If piping is installed 
under the concrete, making repairs or modi- 
fying the piping is difficult. Also, in buildings 


Cans in place 
on concrete form 


Concrete placed 
around can 


with cast-in-place concrete floors above ground, 
the plumber will need to place “cans” on the 
concrete forms to produce openings for pipes 
to pass from floor to floor, Figure 18-12. This 
task is very critical. Errors in location of the 
cans not only make it necessary to bore new 
holes in the concrete, but also leave a void 
where the incorrectly placed can(s) were located. 


Plumbing installed 
through holes 


Figure 18-12. Cans are installed on the concrete forms to produce holes in the finished structure for vertical pipe 


runs. (Deslauriers, Inc.) 
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Planning the DWV 
Piping 

DWV layout should follow a systematic, 
step-by-step process. For example, look at the 
completed layout of the fixtures for the bath- 
room plan in Figure 18-13. After the frame of 
the building is completed, the plumber will 
study the prints and the rough-in dimensions 
for each of the fixtures to be installed. The floor 
plan shows where each fixture is to be 
installed. The wall section indicates thickness 
of wall and flooring materials. The rough-in 
dimensions are also needed before the plumber 
determines the location of the water supply 
and drainage piping. Rough-in dimensions are 
supplied by the fixture manufacturer. See 
Figure 18-14. 


Overview of the DWV 
System 


The first step in planning is to understand 
how the DWV piping will be installed. Review 
the plans and look at each of the rooms where 


plumbing fixtures are to be installed. It is a 
good idea to check the actual dimensions of 
rooms against the floor plan to determine if 
adjustments need to be made when laying out 
the fixtures. The location of the waste/vent 
stack is critical to the DWV system. One stack 
can often serve the plumbing fixtures in more 
than one room. For example, two adjacent 
bathrooms on the same floor can often be 
served by the same stack. In a two-story house, 
a bathroom on the second floor can be served 
by the stack for the bathroom directly below it 
on the first floor. 

The layout shown in Figure 18-13 is for a 
one-story house. There is no additional DWV 
piping that will connect to the stack for this 
bathroom from other plumbing fixtures. Given 
this situation, the soil/vent stack should be 
located directly behind the water closet. This is 
the most economical location since it will 
require a minimal amount of soil pipe from the 
water closet to the stack. Also, the horizontal 
distances from the stack to the lavatory and tub 
drains are short enough that separate vents 
may not be required for these traps. An addi- 
tional benefit of this stack location is that the 
horizontal pipe from the stack to the water 
closet can be installed between the floor joists. 


Ys” Ceramic 
tile 

%2” drywall 
Vee ' H 
Ye” vinyl tile 2 yx 4” 


%2” particleboard = 


underlayment 


Floor plan 


%2” plywood 
subfloor 


2” x 8” floor joist 
Section A-A 


Figure 18-13. This bathroom floor plan and wall section give information needed for the placement of fixtures. 
The section is taken between the lavatory and water closet. 
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Figure 18-14. The manufacturer of the bathroom fixtures supplies the rough-in dimensions. (Kohler Co.) 


This means that the horizontal pipe will be 
above the ceiling on the lower level and cutting 
of the joists is not required. At this point in the 
planning, it is a good idea to mark the location 
of the stack on the floor plan. 

You may also find it helpful to sketch a 
schematic of the stack and the branches that 
connect to each fixture. This is a good time to 
consider alternative pipe configurations, as 
shown in Figure 18-15: 

e Option A. The horizontal drain pipe to the 
lavatory must be run through the studs. 
The horizontal pipe to the tub must be run 
through the floor joists. This minimizes the 
amount of pipe that will extend below the 
floor frame. 

e Option B. Similar to Option A except that 
the horizontal pipes to the lavatory and tub 
are run below the floor joists. This elimi- 
nates cutting studs and joists, but overhead 
space is reduced in the lower level. 


e Option C. May be preferred if clearance on 
the lower level is not a problem. 


Code Note 
The maximum distance between a fixture | 
trap and its vent varies with the diameter of 
the trap. For example, a 1%” trap may not be 
more that 5’ from the vent. For 1%” pipe, the 
maximum distance is 6’, according to the 
International Residential Code 2000. 


sizing the Stack 


The next step in planning is to determine 
the size of the stack. This is done by adding the 
fixture units contributed by each of the 
branches to determine the load that the stack 
must be able to carry. Review Chapter 17 for 
additional information on fixture units and 
load factors. For the layout in Figure 18-13, 
there is a total of five fixture units (a bathroom 
group with a 1.6 gpf water closet). If the only 
fixtures connected to the stack are lavatories, 
tubs, and showers, a 2” stack can carry this 
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Figure 18-15. This illustration shows three options for installing the DWV piping for the bathroom shown in 


Figure 18-13. 


load. However, the waste pipe for a water 
closet must be a minimum of 3”. Therefore, the 
stack must be 3” in diameter. Note this on your 
sketch and on the floor plan. 


Wall Cavity 


Before beginning the actual layout, check 
the depth of the wall cavity where the stack 
must be installed. Is there enough space for the 
stack? The outside diameter of 3” copper pipe 
is 3.125”. The outside diameter of 3” ABS and 
PVC pipe is 3.5”. Since fittings are larger in 
diameter than the pipe, the cavity must be at 
least 34” deep for copper pipe and nearly 4” 
deep for ABS or PVC pipe. 

If the wall cavity is not deep enough for the 
stack, it will need to be furred or a double wall 
will need to be installed, Figure 18-16. 
Sometimes the carpenters have already framed 


the plumbing wall with 2” x 6” or 2” x 8” studs 
to provide space for the stack. In any case, this 
is the time to check if the wall will require 
furring. If so, allowances will need to be made 
for a thicker wall as the location of fixtures is 
marked on the floor. It is best for this work to 
be done before the actual layout of the fixtures 
is completed. If this is not practical, layout can 
proceed provided the correct allowance is 
made for the additional wall depth. 


Locating Fixture 
Drains 


It is now time to do the actual layout of the 
fixtures. The location of the stack is directly 
related to the water closet. Therefore, it is best 
to begin by locating the water closet. Then, the 
remaining fixture drains can be located. 
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Figure 18-16. Furring strips may be needed to make 
a wall wide enough to conceal the piping. In this exam- 
ple, 2” x 4” blocking doubles the wall thickness. 


Closet Flange 


From the floor plan, note that the distance 
from the wall stud on the right to the centerline 
of the water closet is 4’-6”, Figure 18-13. 
However, the section drawing shows that the 


Subfloor 
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wall covering is 4” drywall plus 4” ceramic tile. 
This means that the total distance from the 
framing on the right to the centerline of the 
closet flange is 4’-6%”. Measure and mark this 
distance directly on the floor. 

The next dimension is the distance from the 
rear wall to the center of the opening for the 
water closet flange. The rough-in dimension, 
from Figure 18-14, is 12”. To this, %” must be 
allowed for the thickness of the drywall and 
ceramic tile that will be installed over the studs. 
Therefore, the total distance from the framing is 
12%”. This dimension must be increased if the 
wall is to be made deeper to accommodate the 
stack. Mark this point on the floor where it 
crosses the first mark, Figure 18-17. 


Stack 


The stack will be installed in the wall 
directly behind the water closet. Extend the 
centerline of the closet flange to the wall sole 
plate. Then, mark the location of the stack at 
the intersection of the centerline from the closet 
flange and the centerline of the wall sole plate. 


Studs 


Access 


Figure 18-17. Openings for DWV and water supply piping are marked on the wall sole plate. The opening for the 
closet flange and the access for the bathtub are also marked. 
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Also, mark a note on the sole plate indicating 
the diameter of the stack. 

The stack extends vertically through the 
roof. Therefore, it is necessary to transfer the 
layout from the wall sole plate to the wall top 
plate. A plumb bob or level can be used to 
transfer the layout. 


Lavatory Drain 


The floor plan in Figure 18-13 indicates a 
distance of 1’-0” from the left wall to the center- 
line of the lavatory. Making allowances for the 
thickness of the wall materials, the distance 
from the framing is 12%”. 

The lavatory drain is centered on the lava- 
tory and should stub-out of the wall at a height 
of 17” above the finished floor. Allowing for the 
thickness of the underlayment and vinyl floor 
covering, the centerline dimension for the height 
of the drain is 17%” above the subfloor. These 
requirements should be noted near the holes. 
They will be referred to during installation. 


Bathtub or Shower Drain 


The bathtub drain is located in the same 
manner as the water closet and the lavatory 
drains. An opening is usually cut in the 
subfloor near the foot of the tub for access to 
the drain fittings and the stopper mechanism. 
Referring to the rough-in dimensions shown in 
Figure 18-14, a 6” x 12” opening will provide 
the needed access. 

Note from the rough-in dimensions that the 
center of the bathtub drain is 14” from the rear 
of the tub. The rear of the tub is on the right- 
hand wall in the bathroom, Figure 18-13. Also, 
note in the rough-in dimensions that the 14” is 
measured from the stud. No allowance is 
needed for the wall covering. 

To lay out a 6” wide opening that is centered 
on the drain, draw lines on the subfloor 11” and 
17” away from, and parallel to, the right-hand 
wall. Measure 12” from the wall at the foot of the 
tub to establish the 12” length of the opening. 

The location of the drain for shower base is 
determined in the same manner. However, the 
access hole is round instead of rectangular. 


History Brief 
In the late 1800s, Louis Pasteur and- 

Robert Koch identified specific bacilli and 

growth conditions that promoted the spread of 


dangerous diseases. Reformers of the 
Progressive Era used this information as a 
basis for their campaign for clean water, sani- 
tary sewers, adequate housing, and bathing 
facilities. An address delivered during the 
American Medical Association Conference in 
1887 revealed that five-sixths of the people liv- 
ing in eighteen industrial cities had no facilities 
for bathing except for a pail and sponge, or a 
river or lake. 


Locating Water 
Supply Piping 


The next step is to locate the water supply 
piping. The supply piping is installed only 
after the DWV system is completed. Consider 
the entire floor plan. Where does the water 
supply enter the structure? Where will the 
water heater be located? Where will the 
plumbing fixtures be located? Will hose bibbs 
or hydrants be installed? Given this informa- 
tion, decisions can be made about the location 
of main runs of cold and hot water. The cold 
and hot water lines for the bathroom shown in 
Figure 18-13 will run below the floor in the 
location shown in Figure 18-18. 


Water Closet 


Begin by locating cold water supply piping 
for the water closet. In this installation, the cold 
water supply pipe will come through the wall 
rather than up through the floor. Although 
through the floor is acceptable, through the 
wall is better for two reasons: 


e Flooring is more easily installed. 
e The bathroom is easier to clean. 

Refer to the rough-in dimensions for the 
water closet given in Figure 18-14. In this case 
the pipe should come through the wall 6” to 


the left of the water closet centerline and 
10%” above the finished floor. An allowance of 
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Hot 
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Figure 18-18. The location of the main hot and cold 
water supply pipes determine the direction in which 
the water lines for the bathroom fixtures are run. 


%” must be added to the 10%” dimension for the 
floor materials that will be installed later. 
Therefore, the rough-in height is 11%”. Lay out 
the 6” distance on the sole plate centerline and 
note the height of the stub-out (11%’). 


Lavatory 


Like the water closet, the lavatory water 
supply piping should stub-out through the 
wall. Since the water piping will come up 
through the wall sole plate, holes for the pipes 
are laid out on the wall sole plate centerline. 

Refer to the fixture rough-in dimensions 
given in Figure 18-14. The water supply pipes 
should be located 4” on each side of the drain. 
The height at which the pipes should stub-out 
through the wall is 11%” below the top of the 
lavatory. The top of the lavatory is 31” from the 
finished floor. Therefore, allowing %” for floor 
finishing materials, the height above the 
subfloor is 20%” (31” — 11%” + %”). Lay out the 4” 
distance on the wall sole plate centerline on 
each side of the drain. Placing the holes on the 


onl 


centerline reduces the likelihood of puncturing 
the pipe while attaching drywall, Figure 18-19. 
Also, mark a note on the sole plate indicating 
the height of the stub-out near the holes for the 
cold and hot water pipes. It will be referred to 
during installation. 


Bathtub and Shower 


The valve for a tub and shower installation 
is typically located in the wall cavity with the 
handle, lever, or knob extending through the 
wall. The hot and cold water lines connect to 
the valve and separate pipes are run from the 
valve to the tub spout and the shower head. 

Refer to the rough-in dimensions given in 
Figure 18-14. The hot and cold water lines are 
to come through the sole plate 4” on each side 
of the centerline of the drain pipe and 3” from 
the surface finished wall. Allowing for the 
finish wall material and ceramic tile, the center 
of the hot and cold water pipes should be 2%” 
from the inside edge of the sole plate. Mark the 
center of these two pipes on the sole plate. 
Note: The pipe will not be centered in the sole 
plate. However, the finish wall material and 
tile do not extend below the top of the tub. 
Therefore, there is no danger of piercing the 
pipe with drywall nails or screws. 

The valve is to be located 28” above the 
subfloor (14” + 4” + 10”). Since the dimension is 
given to the subfloor and not the finished floor, 
no allowance is added for the finish flooring. 


2”x 4” sole plate 


Figure 18-19. When piping holes are centered, drywall 
screws and nails are not likely to puncture the pipe. 
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Mark this location on the studs. Also, mark the 
height of the tub spout (14” + 4” = 18”) and the 
shower head (14” + 4” + 10” + 44” = 72”). 


Code Note 


The walls inside a shower or tub/shower 
enclosure must be made of nonabsorbent | 
materials and extend a minimum of six feet 
above the floor. 


Modifications to the 


Structure 


The layout for both the DWV and water 
supply piping is now complete. It is a good 
idea to recheck all dimensions before 
proceeding to the next step. Errors that are 
corrected now will save both time and money. 
The next step is to determine what modifica- 
tions must be made to the structure. Modi- 
fications to the floor frame are generally more 
difficult than to the wall framing. Therefore, 
consider floor framing problems first. 


Floor Framing 
Modifications 


Check the location of the water closet. Can 
the hole for the closet flange be cut without 
hitting a floor joist? You should be able to 
determine the location of the floor joist by the 
location of the subfloor nailing. If cutting the 
opening will cause a floor joist to be cut, one of 
two things can be done. First, it may be 
possible to shift the water closet a few inches 
left or right so that the closet flange and waste 
pipe can be installed without cutting a joist. If 
this is not practical, the floor frame will need to 
be modified as shown in Figure 18-20. 
Doubling up joist and headers assures that the 
strength of the floor will remain unaffected. 
Sometimes a joist can be notched, as shown in 
Figure 18-21, and then doubled to provide 
pipe clearance. 


This part of 
the joist is 
removed 


Double joist 
Figure 18-20. When part of a floor joist must be 


removed, the joists on either side are doubled and the 
shortened joist is supported by a double header. 


A similar but even more difficult problem 
arises when the floor joists run parallel to the 
wall against which the water closet is installed. 
Notching the joist as shown in Figure 18-22 to 
install the closet bend is not practical. It greatly 
weakens the floor. One possible solution is to 
install the closet bend below the joists. Use a 
short length of pipe to connect the closet bend 
to the closet flange, Figure 18-23. If the outlet 
of the water closet must be placed directly over 
a joist, install headers while doubling joists on 
either side, Figure 18-24. 

The situation with the bathtub drain is 
essentially the same as for the water closet. If 
the joist must be cut, the floor frame will need 
to be modified in a similar manner. As with the 
water closet, any joists that are cut must be rein- 
forced by doubling. This is important! A tub full 
of water weighs several hundred pounds. 


A Double joist 
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E 


a hatchet or 
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Figure 18-21. When a floor joist is notched, it must be 
doubled. 
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the floor 


Figure 18-22. Notching floor joists substantially weak- 
ens the floor. A sagging floor may eventually result. 


Figure 18-23. if the floor joists run parallel to the wall 
against which the water closet is installed, you can 
install the closet bend below the joists. Connect the 
bend to the closet flange with a short length of soil pipe. 


The need for other modifications to the floor 
framing depends on how the DWV piping is to 
be installed. If Option A in Figure 18-15 is 
selected and the floor joist run at a right angle 
to the length of the tub, openings must be cut 
through the floor joist to install the drain for 
the bathtub. This can be done by drilling holes 
of the appropriate size or notches can be cut. 
Holes drilled near the centerline of the joist do 
the least damage to the joist. However, drilled 
holes will not provide the needed access to 
install the pipe. At least one, and more likely 
two, floor joists will need to be removed to 
allow the pipe to be inserted into the drilled 
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Figure 18-24. If the water closet outlet is directly over 
a joist, cut the joist, place headers, and double the 
adjacent joists. If a short joist stub results, the header 
holding the stub may not need to be doubled. 


holes. Notching the floor joist is a possibility, 
but it will be essential to double the joists to 
restore the strength that is lost by cutting the 
notches. Given these problems, installing the 
pipe below the floor frame is preferred. 


Wall Framing 
Modifications 


Modifications to the walls will also be 
necessary to permit pipes to be installed and to 
provide support for pipes and fixtures. Behind 
the water closet, blocking must be installed so 
that the cold water line can be firmly anchored 
at the point where the stub-out extends 
through the wall, Figure 18-25. The location for 
this blocking should be marked on the studs so 
that carpenters or plumbers will know where it 
must be installed. 

The lavatory hot and cold water pipes also 
require blocking to secure the pipes at the stub- 
outs, Figure 18-26. In addition, wall-hung lava- 
tories require blocking so that the mounting 
bracket can be securely attached to the frame 
after the finished wall has been installed. A 2” x 
6” block installed 31” on center from the 
subfloor is suitable for the lavatory in the 
sample bathroom you have been working on. 
Clearly mark the location for this blocking on 
the studs and add notes as necessary to indi- 
cate which type of blocking is required. 
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Blocking 


Figure 18-25. Blocking is needed to secure the water 
supply piping at the point where the stub-out extends 
through the wall. 


Hot 
Figure 18-26. Blocking must be installed to support 
water supply piping where vertical runs extend. 
Blocking is also required for mounting brackets for 
wall-mounted fixtures. 


The lavatory drain in the floor plan can 
connect to the soil stack through a side inlet in 
the sanitary tee, Figure 18-27. However, when 
the lavatory drain must run horizontally 
through the studs, the studs should be drilled 
or notched to make a connection to the stack. If 
notching is required, reinforce the studs with 
metal or wood inserts, as shown in Figure 18-28. 

A recessed tub generally requires blocking 
next to the wall to support the edge of the tub. 
See Figure 18-29. If the blocking option shown 
in Figure 18-29B is used, it is very important 
that all the blocks be the same height. Other- 
wise, support for the tub will not be uniform 
and it is likely that the caulked joint between 
the tub and the ceramic tile will fail. 

Commercial buildings often have wall- 
hung water closets, urinals, and lavatories. 
These are supported completely by brackets 
concealed in the wall framing. See Figure 18-30. 
Before these brackets are installed, cut open- 
ings in the framing for the DWV piping. 
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stub-out 
Figure 18-27. Where floor joists do not interfere, the 


lavatory drain can be connected directly to a sanitary 
tee below the floor. 
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Figure 18-28. Metal or wood reinforcements are 
installed flush with the outside of the studs where 
studs are notched. 


Cutting Openings 


After all layout dimensions have been 
rechecked for accuracy, the drilling and cutting 
of openings can begin. A portable electric drill 
fitted with a spade bit, auger bit, or hole saw 
will cut holes up to 3” in diameter. Larger holes 
will need to be cut with a saber saw or recipro- 
cating saw. Chapter 2 describes these tools. 

Work can begin on the DWV piping system 
after the openings are cut and the required 
blocking is installed. Blocking should also be 
installed for soap dishes and towel bars before 
the walls are finished. However, this blocking 
may be in the plumber’s way if installed before 
pipes and fittings. 


| History Brief ; 
Tremendous progress was made in plumb- — 
ing and sanitation in the U.S. during the twen- 
tieth century. At the beginning of the century, 
only the wealthy had complete bathrooms in 


their homes. Now, indoor plumbing, with hot 
and cold water and a sanitary sewer, is taken 
for granted. However, according to the 2000 
Census, 670,986 homes still lack complete 
plumbing installations. This represents 0.64% 
of the homes in the U.S. 
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Figure 18-29. Two methods of blocking under the 
edge of recessed bathtubs. A—A continuous 2” x 4” 
band with cripples is generally preferred. B—Vertical 
blocking that rests on the floor must all be the same 
height to provide even support. 


Figure 18-30. Carriers are often used in commercial 
building to support wall hung fixtures. A—Water closet. 
B—Lavatory. (Watts Industries, Inc.) 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


0 


a 


(2, Installation of all piping within the walls, 


V 


The stage of plumbing installation that 
extends the water and sewer lines into the 
building is known as the ; 


floors, and ceilings of the finished building 
is called the : 

A. first rough 

B. fixture installation 

C. finish stage 

D. second rough 


. Describe each of the two methods used for 


attaching the corporation stop to the water 
main. 

The drainage piping between the building 
foundation and the sewer main or septic 
tank is known as the 

A. house sewer 

B. stack 

C. DWV piping 

D. storm sewer 


. When locating fixtures, allowance must be 


made for the thickness of the finished w 
and w` materials. 


. True or false? Holes for water supply pipes 


are made near the edge of wall plates and 
studs to reduce the likelihood that the pipe 
will be punctured by nails that secure the 
finish wall material. 
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“7. Blocking is installed between studs to 


A. keep the studs straight 


B. attach pipe 
C. attach plumbing fixtures 


© Both B and C. 
(8) 


oles for pipe up to 3” in diameter can be 


~ drilled with a portable electric drill that 


is fitted with a(n) cert bit, jS bit, or 
Àu saw. i 


9. True or false? The DWV piping system is 


installed before the water supply piping. 


Suggested Activities 


1. Visit a site where connections are being 


made to the water and sewer mains. Be 
sure to obtain permission before entering 
the site. 


. Study the plans for a small house and deter- 


mine where the stack(s) should be located. 


. Prepare a sketch of the DWV piping for the 


house in the above activity. 


. Describe how you would lay out the DWV 


and water supply piping for a bathroom in 
the house in Activity 2. 


DWV Pipe and 
Fitting 
Installation 


Objectives 


This chapter describes the installation of drain/ 
waste/vent (DWV) systems. An overview of 
the process is presented first, followed by a 
description of the techniques for cutting and 
joining each of the kinds of pipe and fittings. 


n studying this chapter, you will be able to: 
Describe proper procedures for locating 
and installing DWV piping systems. 

e Use the prescribed techniques for working 
with plastic, copper, galvanized iron, black 
iron, and cast iron DWV materials. 

e Compare and use the three methods of 
measuring pipe length between fittings. 

e Describe or demonstrate methods for 
testing and inspecting completed DWV 
systems. 


Technical Terms 
Face-to-face 
Shoulder-to-shoulder 
Center-to-center 
Laying length 


Flashing 
Oakum 
Joint runner 


In the first rough stage, the building sewer 
and water supply are installed. These are pipes 
that extend from the water and sewer mains to 


the inside of the building. The second rough 
stage is the installation of all plumbing that 
will be enclosed in the walls or that must be 
installed before the walls are finished. This 
includes DWV, hot and cold water supply 
piping, bathtubs, and shower bases. 

The second rough stage of DWV installa- 
tion is critical because the correct slope must be 
maintained in horizontal runs of pipe. Also, 
pipes and fittings must be placed accurately so 
fixtures can be hooked up easily during the 
finish stage. Procedures for completing layout 
and making modifications to the structure 
were discussed in Chapter 18. This chapter 
focuses on the actual installation of DWV 
piping systems. In the following section, tech- 
niques for measuring pipe are discussed. This 
will give you background for the following 
section that provides an overview of the DWV 
installation. Later sections of this chapter 
describe procedures for installing the various 
types of pipe and fittings typically used for 
DWV systems. 


Measuring Pipe 


Accurate measurements are critical to the 
success of every plumbing installation. It is 
often difficult, if not impossible, to measure 
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directly the length of pipe required to join two 
fittings. Techniques that require knowledge of 
fitting allowances and the laying length of 
fittings must be used. This introduction to 
these methods will help you understand the 
remainder of this chapter. 

Measurements to determine the length of 
pipe are taken in one of three ways: 


e Face-to-face. 
e Shoulder-to-shoulder. 
ə Center-to-center. 


Figure 19-1 illustrates the three methods. 
The face-to-face method requires that the 
plumber know the fitting allowance for the 
type and size of fitting being installed. This 
information is provided with the procedures 
for installing each of the different types of pipe. 

Shoulder-to-shoulder dimensions provide 
a direct reading of the actual length of pipe 
required. Therefore, they are more accurate and 
save time because additional calculations are 
not required. However, this method is useful 
only with DWV fittings. Pressure fittings do 
not have shoulders. 

Center-to-center measurements require 
you to know the laying length of the fitting. 


Face-to-Face 


Measure from face to face and add fitting 
allowance for each fitting. 


Shoulder-to-Shoulder 


Measure from shoulder to shoulder 
distance (DWV only). 


Center-to-Center 


Measure from center to center and subtract 
laying length for each fitting. 


Figure 19-1. Three ways to determine the length of 
pipe needed between two fittings. 


The laying length is the amount of a run of 
pipe, measured along the centerline, that is 
taken up by the fitting, Figure 19-2. Therefore, 
if the center-to-center dimension is known, the 
length of pipe needed can be determined by 
subtracting the laying length of the fitting at 


~««—- Center-to-Center 


Laying 
—z| Length 


Laying 
= Length | 


Laying 
Length 


Laying 
Length 


Figure 19-2. Laying length is the amount of a run of 
pipe, measured along the centerline, that is replaced 
by a fitting. 


Face-to-face: Method of measuring pipe requiring 
that the plumber know the fitting allowance for the 
type and size of fitting being installed. 


Shoulder-to-shoulder: Method of measuring pipe in 
which dimensions provide a direct reading of the 
actual length of pipe required. 


Center-to-center: Method of determining pipe size in 
which measurements require you to know the laying 
length of the fitting. 


Laying length: The amount of a run of pipe, measured 
along the centerline, that is taken up by the fitting. 


each end of the pipe. Laying lengths for 
common types of fittings are given along with 
the fitting allowances later in this chapter. 
Various combinations of these measuring 
techniques are used. For example, you can 
measure face-to-centerline, face-to-shoulder, or 
shoulder-to-centerline. The key is to remember 
that any measurement taken to the face of a 
fitting requires adding the appropriate fitting 
allowance. Any measurement taken to the 
centerline of a pipe requires subtracting the 
laying length for the fitting to be installed. 


Overview of DWV 
Installation 


The preparatory work described in 
Chapter 18 provides an overall understanding 


Standpipe 
4 Yt 2 


Laundry tub 
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Code Note 


Plumbing codes include many detailed | 
requirements for DWV piping. These must be ` 
applied correctly for the piping system to pass i 
inspection. Quality of components, sizing of | 
pipe, selection of fittings, location of cleanouts, | 
location of vents, joining techniques, and sup- 
porting pipe are among the requirements that 
must be understood and applied. ed 


of the DWV system. Based on this under- 
standing, it is possible to carry out the installa- 
tion in an efficient manner. Make sure you 
understand the general plan for the DWV 
system. For example, the sketch in Figure 19-3 
shows the DWV system for a one-story house 
with laundry facilities in the basement and two 
bathrooms and a kitchen on the main floor. The 
fixtures to be installed and the size of the DWV 
piping are noted on the sketch. As you read the 


- 
- 
oe 
- 
- 


To Building Sewer 


Figure 19-3. 


Schematic drawing of the DWV piping for a house with two bathrooms. 
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rest of this section, refer to Figure 19-3 to keep 
the overall installation in perspective. 

This installation requires two stacks that 
extend through the roof. The horizontal runs 
from these stacks will join below the basement 
floor and connect to the building sewer near 
the point where it enters the building. Note 
that a floor drain is to be connected to the hori- 
zontal drain pipe going to the kitchen/laundry 
stack. It may be helpful to think of the installa- 
tion in three sections: First, the horizontal runs 
below the basement floor. Second, the DWV 
piping for the bathrooms. Finally, the DWV 
piping for the kitchen and laundry areas. If 
more than one plumber is working on the job, 
the work could be divided among the crew 
members on this basis. 

Assuming that the openings have already 
been cut and the needed structural modifica- 
tions completed, put a length of the correct-size 
DWV pipe through the openings in the floor 
for each of the stacks and extend the pipe to the 
basement floor. Working from the basement, 
plumb the stacks to locate one end of the hori- 
zontal drain/waste pipe to be installed below 
the basement floor. An alternative is to suspend 
a plumb bob through the center of the opening 
in the sanitary tee to the top of the fittings at 
the base of the stack, Figure 19-4. If necessary, 
excavate in order to position the long-radius ell 
at the correct elevation. It may be necessary to 
break away some of the footing so that the 
long-radius 90° ell will fit close to the founda- 
tion wall. 

To locate the horizontal waste pipe, stretch 
a string line from the base of the bathroom 
stack to the building drain. A shallow trench 
will need to be dug along this line so that the 
waste pipe can be installed. A second string 
line can be run from the base of the 
kitchen/laundry stack to the point where it 
will join with the first horizontal waste line. 
(Refer to Figure 19-3.) This joint must be made 
with standard fittings, so the intersection 
should be at an angle of 45° to allow a standard 
wye to be used. In cases where this is not 
possible, a combination of a wye and a 22%° or 
45° elbow will be needed. Once the location of 
the horizontal pipe is determined, a trench can 
be dug to permit its installation. Trenches must 
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Sanitary tee 


A Plumb bob 
yY a Finish floor line 


Ye bend 


Figure 19-4. To locate the fitting at the base of the 
stack, suspend a plumb bob through the center of the 
sanitary tee. Concrete can be placed later to provide 
solid support for the weight of the stack. 


be sloped so they provide a fall of %” per foot of 
run. Generally, the top of the concrete floor for 
a basement will be 4” above the top of the foot- 
ings. This dimension should be checked so the 
depth of the trench can be determined. A short 
trench will also be needed for the floor drain. 


_ The size of pipe and fittings in a DWV sys- 
tem is computed based on drainage fixture 
| units as specified in the code. 


i 


Installing a Stack 


While the trenches are being dug, work can 
begin on the stacks. First, consider the kitchen/ 
laundry DWV piping. Figure 19-5 provides a 
sketch of this pipe and fittings to be used. The 
names and dimensions of the fittings are given 
in the table included with the sketch. The 


‘losis rane 


2” floor drain 
2x2x2wye 
2” long-radius 90° ell 
2x2 x 1% san. tee 
1%” P-trap 
1%” 90° ell 
12” trap adapters 
2” test tee w/ cleanout plug 
1% bushing 


1 
1 
2 
4 
3 
a 
a 
TA 
1 


Figure 19-5. Schematic drawing for laundry/kitchen 
stack. Table identifies the fittings needed. 
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sketch shows the standpipe for a clothes 
washer installed above the concrete floor. This 
arrangement provides more flexibility to 
modify the location of the standpipe at some 
future date; however, the standpipe must be 
secured to the wall or otherwise supported. 
Another alternative is to connect the standpipe 
to the 2” horizontal drain pipe below the 
concrete floor using a 2 x 2 x 1% wye. This type 
of installation provides more support for the 
standpipe and permits the cleanout to be 
installed below the sanitary tee that connects 
the laundry tub to the stack. 

The sketch shows P-traps at the laundry tub 
and kitchen sink. These P-traps will not be 
installed until the fixtures are put in place. 
Short lengths of horizontal pipe (stub-outs) 
must be installed and capped during the 
rough-in stage. During the finish stage, these 
stub-outs will be cut off and trap adapters 
installed so the P-trap can be joined to the 
fixture. Note that two fittings are needed at 
locations F and G. At the two F locations, a cap 
is needed so that the stub-outs can be capped 
for testing. The G location requires a bushing to 
reduce the 2” opening at the top of the test tee 
to receive the 1%” vertical drain/vent pipe. This 
stack must fit inside the exterior wall cavity in 
the kitchen. This makes it necessary to install 
two 45° ells near the top of the concrete founda- 
tion wall so the stack can be offset into the wall 
cavity. One 45° ell, combined with rotating the 
90° ell by 45°, will allow the sink drain to make 
the same 45° offset. 

Figure 19-6 shows the pipe and fittings for 
the lower portion of the stack. Once enough 
digging has been done to install the 2” long 
radius 90° ell, work can begin on the stack. If 
the standpipe is installed as shown in the 
drawing, the P-trap should be near the concrete 
floor once it is poured. Given this and knowing 
where the top of the finished floor will be 
makes it possible to locate the sanitary tee for 
the standpipe. 

Begin by determining the distance from the 
bottom of the P-trap to the centerline of its 
outlet. Also, measure the distance from the 
bottom of the sanitary tee to the centerline of its 
inlet, Figure 19-7A. For this example, assume 
that distance A is 4%” and B is 3%”. Since the 
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Stack 


AG 


» - To building sewer 


<— 


A To kitchen 
C.O. Standpipe 
~« oE — 
4%” 
sn a he — 


Concrete footing 


Figure 19-6. Pipe and fittings for lower portion of stack serving the laundry sink (left) and the washing machine 


standpipe (right). 


P-trap is to rest on top of the concrete floor, the 
centerline outlet of the P-trap must be 8%” above 
the footing (4%” + 4”). Measure and mark this 
location on the foundation wall, Figure 19-7B. 

Calculate the total fall for the 2’ 6” length of 
pipe that will join the P-trap and sanitary tee, 
Figure 19-7C. The total fall for the 2’ 6” pipe is 
%”. Since the sanitary tee inlet must be lower 
than the P-trap outlet, subtract the %” fall from 
the centerline height of the P-trap to determine 
the height of the sanitary tee above the footing 
(8%” —%” = 8”). Mark the 8” height on the foun- 
dation wall near where the stack will be 
located. Check the position of the long-turn ell. 
Hold the sanitary tee in the correct position 
and measure the distance from the face of the 
long-turn ell to the face of the sanitary tee. For 
this example, assume this distance is 4%”. The 
appropriate fitting allowance must be added to 
this face-to-face measurement before the pipe 
is cut to length (44” + 1” + 1” = 6%”). Test fit the 
ell, the length of pipe, and the sanitary tee and 
use them to help determine the length of the 
pipe needed to join the sanitary tee for the 
laundry tub to the stack. 

The inlet for the second sanitary tee 
(connecting a laundry tub to the stack) can be 
located in a similar fashion, Figure 19-8. 


According to the rough-in dimensions for the 
laundry tub, the stub-out must be 12” above the 
finished floor, making it 16” above the footing. 
An allowance for fall must also be taken into 
account for this installation. If the distance 
from the stack to the 90° ell is 3’, the allowance 
for fall is %” (3’ x 4”). The height of the inlet of 
the sanitary tee should be 15%” above the 
footing (12” + 4” —%”). Mark this location on the 
foundation wall. Align the center of the sani- 
tary tee inlet with the mark on the wall and 
then measure the distance between the faces 
of the tees (1%”). Add the appropriate fitting 
allowance and cut the needed length of pipe 
(1%" + 1” + 1” = 3%”). 

A test tee for the cleanout can be joined to 
the sanitary tee with a 2%” length of pipe. This 
is two times the fitting allowance plus 4”. A trial 
assembly of these components will allow the 
dimensions to be checked before final assembly. 


Cleanouts may be required at each change 
in direction of the DWV piping that is greater 
_ than 45°. Exceptions may be made so that no 
| more than one cleanout is required per a 
specified run of pipe. 
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Flat surface 


A 
Mark centerline of sanitary tee 
Ae Mark the centerline 
2-6 of the P-trap 
Top of concrete at A 4” 
B To building sewer Concrete footing 


Fall @ 1⁄4” per foot of run: 
| ia 2% x V4” per ft. = %” total fall 


C Eca 2-6” 


Figure 19-7. Locating pipe and fittings for the washing machine standpipe. A—Determining fitting centerlines. 
B—Marking fitting locations. C—Calculating fall. 


Mark centerline 
of sanitary tee 


g 


for 
stub-out as Mark centerline 


of 90° ell 


Top of concrete floor 


Concrete footing 


Figure 19-8. Locating pipe and fittings for the laundry tub. 
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It may be possible to delay installing the 
horizontal pipes to the standpipe and laundry 
tub until the concrete floor has been poured. 
This will make it easier for the concrete finisher 
and may prevent damage to these pipes. If this 
installation is delayed, the sanitary tee inlets 
should be plugged to prevent anything from 
getting into the piping. 

The next task is to locate the sanitary tee to 
the kitchen sink in the stack. This is somewhat 


Mark 
centerline 
of 90° ell 


Floor joist 


Mark here 


Measurements 


Theoretical Length 


complicated because both the stack and the 
vertical drain pipe to the kitchen sink must be 
offset so the upper portion of the pipe will run 
through the exterior wall cavity, Figure 19-9 
(side view). The height of the 2” sanitary tee 
depends on the position of the 1%” 90° ell 
leading to the kitchen sink. The ell must be low 
enough for the horizontal pipe to run below the 
floor joists. In addition, the horizontal pipe 
must be installed with a fall of 4” per foot of 


Studs 


Blocking 


% Sole plate 
45° ell, N 
/ 


\ 


Foundation ~~ 


Side View 


4 
Laying ~ 
length 


Fall @ 1⁄4” per foot of run: 
32’ x Ys" per ft. = 74” total fall 


rA 


i Calculating Fall 


Figure 19-9. Locating drain for kitchen sink. 


run. The following steps describe the proce- 
dure for completing this installation. 

Place a length of 2” pipe in the test tee so it 
extends upward between the floor joists. This 
pipe will be used as a reference for measure- 
ment, so it will need to be plumb. The hori- 
zontal pipe from the sanitary tee to the 90° ell 
will run parallel to the outside wall of the 
house. 

Measure and record distance X. Insert a 
length of 14” pipe through the opening in the 
sole plate for the drain from the kitchen sink. 
Check this pipe for plumb and measure the 
distance from the centerline of this pipe to the 
inside of the header (Y). See Measurements 
insert. Subtract Y from X to obtain the hori- 
zontal distance (Z) between the two centerlines. 

The theoretical length (TP) of the short 45° 
angled 1%” pipe that will connect the 90° ell 
and 45° ell can be determined by calculating 
the hypotenuse of a right triangle with sides of 
length Z (See Chapter 4). An alternative is to 
know that the hypotenuse (TP) of a 45° right 
triangle is 1.41 times the length of a side. 
Wiiveretore, if Z=9% or 9.57, TP =9.5" x 1.41 = 
13.42” (13%6”). See Theoretical Length insert. 

To find the actual length of the pipe 
required (P), the laying length of the two 
fittings must be subtracted from TP. See Actual 
Length insert. The laying length for the 90° ell in 
this example is 1%”. The 45° ell has a laying 
length of 1%”. Therefore, T = 13%” - 1%” - 
1% = 9%". Cut this length of pipe and 
temporarily join the 45° and 90° ell to the 9%.” 
length of pipe and to the length of pipe 
extending down from the kitchen. 

Position the 90° ell so that the open end is 
facing the stack and is at the correct height to 
allow the horizontal pipe that will extend to the 
stack to be secured to the underside of the floor 
joists, Figure 19-10. Measure the distance A 
from the centerline of the 90° ell to the floor 
joist. For this example assume that A = 1%”. 

To calculate the height of the sanitary tee 
inlet, it is necessary to allow for a fall of %” per 
foot of run. See Calculating Fall insert. This 
means the centerline of the inlet to the sanitary 
tee should be 2%” (1%” + %”) below the floor 
joist. Hold the sanitary tee 2%” below the floor 
joist and mark the 2” pipe at the bottom of the 
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Mark with 
permanent marker 


Figure 19-10. Pipe and fittings are trial assembled. If 
satisfactory, position of fitting is marked as shown. 
Alignment is then certain to be correct when joints 
are made. 


fitting. Add the fitting allowance and cut the 
2” pipe to length. 

Temporarily install the 2” pipe and the sani- 
tary tee. Measure distance B from the sanitary 
tee to the 90° ell and add the appropriate fitting 
allowances. Cut and test the fit of the pipe. 

The next step in installing the kitchen sink 
drain is to determine the length of the pipe 
from the 45° ell to the 90° ell at the stub-out. 
Since a length of pipe is already in position, the 
rough-in height (assume 14%” above the sub- 
floor: 14” rough-in + %” for the finished floor) 
can be marked directly on the pipe. Subtract 
the laying length of the 90° ell and cut the 
length of pipe. 

A short length of 1%” pipe and a cap will be 
needed to complete the stub-out. The pipe 
should be long enough that the stub-out will 
extend 3” through the finished wall material. 
This will permit the cap to be cut off and an 
adapter installed during the finish stage of 
plumbing installation. 

Given the number of pieces that have been 
temporarily joined, permanently assembling 
these components will help keep everything in 
position while the stack is completed. The hori- 
zontal 1%” pipe will need to be secured to the 
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floor frame near the 90° ell and the vertical pipe 
leading to the stub-out will need to be securely 
fastened to the blocking. 

The offset for the 2” stack can be done the 
same way the offset for the sink drain was 
fabricated. The centerline of the 2” pipe from 
the basement was previously determined to be 
11” from the inside of the header (X). Insert a 
length of 2” pipe through the opening in the 
sole plate for the stack. Plumb this length of 
pipe and measure the distance from the center- 
line of the pipe to inside of the header (Y). With 
these two dimensions, repeat the process 
described in Figure 19-9 to calculate the length 
of pipe necessary to join the two 45° ells 
required to offset the stack at the top of the 
foundation wall. 

It is extremely important that the fittings be 
correctly positioned so their outlets will align 
with branch piping. To assure correct align- 
ment, make a trial assembly of the pipe and 
fittings and mark the position of the pipes at 
joints as shown in Figure 19-10. Marking 
permits the fittings to be repositioned after 
the joints have been prepared. Also, it will 
be possible to lay the pipe on a flat work 
surface or secure it in a vise while joining 
subassemblies. 

Extending the stack through the roof 
requires pipe and at least one coupling because 
the distance will most likely be more than 10’. 
Extend the stack through the ceiling and add 
an increaser and a larger pipe, Figure 19-11. 
The amount of pipe that must extend above the 
roof is specified by code. Be aware that walls 
extending above the roof near where the vent is 
to be located can effect the height of the vent 
above the roof. Because tall vents are generally 
undesirable, it may be necessary to offset the 
vent so it can extend through the roof at a point 
where it will be less conspicuous. In cold 
climates, it is desirable to use larger pipe above 
the insulated area of the building to reduce the 
possibility of the vent becoming blocked by 
frozen condensation. 

One of the most important parts of 
installing the stack is to make sure the flashing 
is correctly installed. Flashing is material (often 
a formed metal or plastic product) that is used 
to prevent water from leaking into the building 


Roofing 


Flashing 2n | 
~ Rafter 
Mis Vent increaser 
C a Sanitary tee 


Figure 19-11. An increaser is installed on stack before 
it extends through roof. 


Ceiling 


Vent stack 


around the stack. If the finished roof has not 
been installed, the roofing contractor can install 
the flashing during the roofing process. If the 
roofing material is already in place, the 
plumber may need to install the flashing. 
Procedures vary somewhat depending upon 
the type of roofing material. For residential 
work, where shingles are the most common 
type of roofing material, the plumber can 
install the flashing. Care must be taken to 
correctly place the flashing between the 
courses of shingles and to avoid damaging 
surrounding shingles. 

The flashing must be installed before the 
stack is put into position so that it can be fit 
under the shingles, as shown in Figure 19-12. 
The first step is to locate where the stack will go 
through the roof. This can be done by 
extending a length of pipe through the opening 


Flashing: Material (often a formed metal product) that 
is used to prevent water from leaking into the 
building around the stack. 


Figure 19-12. Installing vent flashing involves cutting 
a hole through the shingles and roof sheathing and 
then trimming the shingles to fit around the flashing. 


~ ae 


in the double plate at the top of the wall until it 
touches the underside of the roof sheathing. 
Check the pipe for plumb and mark the loca- 
tion of the pipe on the sheathing. If roof 
framing prohibits vertical installation, the vent 
will need to be offset to avoid cutting framing 
members. It is generally easier to cut the 
opening from above the roof using a recipro- 
cating saw. Drive a nail through the sheathing 
from the underside to transfer the location of 
the hole to the topside of the roof. Cut the hole 
approximately 1’-2” larger in diameter than 
the vent pipe. 

Carefully raise the shingles around the 
hole, using a flat pry bar. Remove enough nails 
to allow the shingles to be lifted. Place the 
flashing over the hole and mark the shingles 
that need to be trimmed. Make the necessary 
cuts and check the fit. Once the fit is correct, 
slide the flashing under the shingles into the 
position shown in Figure 19-12. Renail the 
shingles beginning with the highest course. 
Note that no roofing nails should be exposed. 
The bottom edge of the flashing is not nailed. 

Once the flashing is in place, determine the 
length of the stack by extending a tape measure 
from the roof to the sanitary tee. Two people 
are needed to install the stack. One pushes the 
pipe through the flashing from below, while 
the person on the roof holds the flashing in 
place so it will not be damaged in the process. 
Most stack flashing is fitted with a plastic/ 
rubber collar that seals around the pipe. If this 
is not the case, apply caulking at the joint 
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between the flashing and the stack to prevent 
water from entering. 


Fixtures with concealed slip-joint connec- 
tions, such as a P-trap, require an access 
panel that is at least 12” in its smallest dimen- 
sion. An example would be a bathtub. 


Installing Horizontal 
Drain/ Waste Piping 


The key concern when installing horizontal 
runs of drain/waste piping is maintaining the 
required fall for the entire length of the run. If 
there is too little fall, the waste will not flow 
through the pipe. If there is too much fall, the 
liquid will flow so fast that the solids will be 
left behind to clog the pipe. Between %” and 4” 
of fall per foot of run is generally required by 
code. Excavating the trenches for the hori- 
zontal runs of the drain/waste piping must be 
done carefully so that the correct fall is 
produced. It is often easier to dig extra deep 
and use fine gravel or sand fill to provide solid, 
properly sloped support for the pipe. 

The slope can be measured with a builder’s 
level or transit, but a 4’ or 6’ carpenter’s level is 
adequate for most residential installations. 
Figure 19-13 shows how you can check a level 
to determine how much the “bubble” should 
be off-center for a given fall. Once the level has 
been checked, it can be used (without the 
block) and the pipe adjusted until the bubble is 
in the desired position. 

For a lengthy run of pipe, lay a length of 
pipe into the partly dug trench and check the 
fall with the level. Remove the pipe and 
continue digging and checking until the 
needed fall is achieved. This process is 
repeated until the trench is completed. A trial 
assembly of the pipe and fittings will usually 
reveal some need for additional digging and 
filling of low spots. The wye and the pipes that 
join with it must be aligned at the correct angle 
so the joints will fit correctly. In cases where 
it is not practical to use a 45° joint, an elbow 
can be added on the branch to produce an 
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SY —, - = = 3 es 


1. Place the level on a flat 
surface. If the reading is not 
level, shim one end of the 
tool until it reads level. 


2. Place a block under one end 
of the level to simulate a fall of 
V4" per foot: 


Length of Thickness 
level of block 

1 , Vata 

2’ ye 

4’ 1 wn” 

Gí 14" 


3. Check position of the bubble. 
This is where the bubble needs 
to be for the pipe to be at a fall 
Ys" per foot of run. 


Figure 19-13. The bubble of a level can be used to indicate the degree of fall of a horizontal run of pipe. 


angle that will make the connection possible, 
Figure 19-14. 

Once the changes have been made as indi- 
cated by the trial assembly, the pipe and 
fittings can be permanently joined. Do not 
cover the pipe until the inspection is complete. 


To bathroom 


A To bathroom 
stack 


stack 


22% ell 


~ ~~ 


Wye 
To laundry/ y ee K á 
kitchen sae 
stack 
To building To building 
| sewer | sewer 
Option 1 Option 2 


Figure 19-14. Joints in horizontal runs of drain/waste 
piping can be made with a wye or a combination of a 
wye and an ell. 


Installing a Bathroom 
Stack 


The procedures for installing the bathroom 
stack are similar to those described for the 
kitchen/laundry stack. The techniques 
described previously for the kitchen/laundry 
stack will not be repeated in this section. 
Rather, the focus will be on differences between 
the two installations. 

Before beginning work on the DWV piping 
for the two bathrooms, review the schematic of 
the piping, Figure 19-15. Work begins by 
putting the tubs in position and temporarily 
placing the closet flanges in the openings that 
were prepared earlier. 

Installing tubs and shower bases is the first 
step. It is best to follow the manufacturer’s 
directions when performing this work; other- 
wise, the guarantee may be void. 

Bathtubs and showers are installed in at 
least four different ways: 


e Recessed 

e Sunken 

e Corner 

e Peninsular 


Tub 


3x3x1%Tee 
1% x 1% 90° Ell 

1% x 1% 90° Sanitary ell 
1% x 1% 45° Sanitary ell 
2x1%x1%x1% Double 
sanitary wye 

2 x 2 90° Sanitary ell 

2% x 2 x 1% x 1% Double 
sanitary wye 

1% x 1% 45° Sanitary ell 

3 x 3 90° Sanitary ell 

| 4x3 Closet flange 


| 3x3x3x3x 2% Double sanitary 
| tee w/ side inlet 3 


: 3x3 x3 Test tee w/ cleanout 
3 KE Long sweep sanitary ell i 


Figure 19-15. Schematic of the DWV piping for the 
two bathrooms. 
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The recessed installation, Figure 19-16, is 
common. Rough-in dimensions for the length 
and width of the tub are known before interior 
walls are constructed. After the walls are 
framed and blocking is installed, the tub is set. 
Plastic and enameled steel tubs are secured 
with screws driven into the studs or blocking at 
locations specified by the manufacturer. Be 
careful not to overdrive screws because they 
may crack plastic or the enamel coating on a 
steel tub. Cast iron tubs are heavy enough that 
they are not fastened to the frame. The wall 
covering—drywall, plaster, or tile—is attached 
to the studs by other trades after the bathtub is 
in place. 

It may be desirable to install the drain 
components that attach directly to the tub or 
shower base before the unit is put into its final 
position. This can eliminate the need to work in 
a confined space while assembling these 
components. 

One-piece molded plastic tub/shower units 
are too large to pass through most door open- 
ings. Therefore, they must be installed before 
the framing for the bathroom walls is 
completed. It is also very helpful, in recessed 
installations, if one wall of the recess is not 
framed until after the unit is positioned. This 
allows for easier alignment and installation of 
the unit. 

Installing a shower base is essentially the 
same as installing a tub. Cultured marble and 
other types of cast bases are heavy enough to 
stay in place without fasteners. Molded plastic 
bases have a lip that extends under the wall 
materials and is held in place by screws. The 
fasteners must be driven and spaced according 
to the manufacturer’s directions. 

The drain body of the shower base connects 
to a 2” drain pipe and is sealed with a rubber 
compression gasket. Some older shower bases 
are sealed with oakum and lead, Figure 19-17, 
or oakum and liquid plastic that cures after it is 
poured around the pipe. This joint is generally 
made during the 2nd rough stage. 

During the finish stage, the bathtub drain 
is connected to the DWV piping and the 
faucets are connected to the hot and cold water 


supply. 
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A 


Opening for 
DWV piping 


Access panel 
will be installed 


1 x 4 ledge to 


support tub rim on outside wall 
is securely to permit 
fastened to studs servicing the 
5 bathtub faucet 
B and drain 


Figure 19-16. Bathtub installation. A—In a recessed installation, walls enclose the tub on three sides. B—A 
ribbon of 1 x 4s is attached to studs to support the tub rim. 


Professional Tip 


Since both tub and shower bases are 
installed during the early stages of construc- 


tion, they must be protected from damage 
while the interior of the building is being fin- 
ished. The shipping carton can be cut to cover 
the tub or shower base. 


With the tubs/shower bases in position, it 
is time to locate the closet flanges for water 
closet installation in the correct openings. 
Support the closet flange on blocking equal 
in thickness to the finished floor material, 
Figure 19-18. Check the distance from the wall 
to the center of the closet flange. Temporarily 
secure the closet flange with a weight. 
Assemble the long-radius ell and cleanout at 
the base of the stack so the ell can connect to 
the horizontal sewer pipe. 

The height of the double sanitary tee 
w/side inlet that serves the two water closets is 
critical to this installation because of the need 
for “” of fall per foot of pipe run to each of the 
P-trap inlets for the bathtubs. Given that the 
pipe going to each of the bathtubs is relatively 
long, the fall necessary for these pipes will be 


Molded 
shower 
\ base 


Strainer 


ia eee 

Compression 
gasket 

2” waste pipe ao 


Floor level 
To sewer 


Molded 
shower 


Oakum 


Floor level 


2” waste pipe To sewer 


Figure 19-17. The connection between the shower 
drain and DWV piping must be sealed. A—Today, a 
compression gasket is typically used. B—Some older 
installation may be joined with lead and oakum. 


Opening 
for stack 


Blocking equal 
in thickness to 
the finish floor 


Double 
sanitary tee 
goes here 


Closet bend 


Figure 19-18. The closet flange must be temporarily 
supported on blocks equal to the thickness of the fin- 
ished floor before measurements are made for the 
pipe connecting it to the stack. 


the determining factor in locating the double 
sanitary tee. 

Drawing lines on the subfloor to represent 
these pipe runs is an accurate means of deter- 
mining the total run to each bathtub P-trap, 
Figure 19-19. Once the total run is known (9%’), 
the total fall is calculated by multiplying by 
n4” per foot of run (4” x 9% = 2%”). See 
Figure 19-20. The 1” vertical distance from the 
centerline of the pipe to the floor joist must be 
added to the fall to determine the vertical 
distance of the side inlet of the double sanitary 
tee below the floor joists (2%” + 1” = 3%”). Hold 
the double sanitary tee in position so the center 
of the side inlet is 3%” below the bottom of the 
floor joist and mark the pipe at the bottom of 
the fitting. Add the appropriate fitting 
allowance and cut the pipe to join the test tee 
with the double sanitary tee w/side inlet. 

In our example, two short lengths of 3” pipe 
and a 90° sanitary ell are used to connect the 
closet flange to the double sanitary tee. The 
horizontal pipe from the double sanitary tee 
must have a fall of %” per foot of run. The 
length of the horizontal pipe can be deter- 
mined by temporarily inserting a 3” pipe in the 
closet flange and measuring (A) from the cen- 
terline of the pipe to the 3” inlet at the double 
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Total run=A +B+C 
= 18” + 24” + 72” 
= Wel = Si 
Total fall = Total run(’) x 1/4” per ft. 
= 9%’ x 1⁄4” per ft. 
= A = VA 
22% 
Figure 19-19. The total run of the drain pipe to the 
bathtub can be determined by a simple layout on the 
subfloor. 


sanitary tee, Figure 19-21. The laying length 
(3”) of the 90° ell must be subtracted from 
measurement A and the fitting allowance (1%”) 
for the double sanitary tee must be added to 
determine the length (B) of the pipe (16” - 3” + 
12” = 14%"). 

Once the horizontal pipe is cut, temporarily 
assemble the pipe in the double sanitary tee 
and slip the 90° ell into place. Check the fall of 
the horizontal pipe and measure the distance 
between the 90° ell and the closet flange. Add- 
ing the fitting allowances to this measurement 
gives the length of the vertical pipe. The closet 
flange will not be permanently secured until 
after the finish floor is installed. 

The location of the 2% x 2 x 14 x 1% double 
wye fitting that joins the two tub drains before 
they enter the double sanitary tee is deter- 
mined by the location of the vertical drain to 
the lavatories. Therefore, it is best to work back 
from the lavatory stub-outs to locate the 
2 x 14 x 1% x 1% double wye. This work is 
accomplished using procedures like those 
described for installing the laundry tub stub- 
out. Once this work is completed, a length of 2” 
pipe can be inserted into the bottom hub of the 
double wye and the measurements can be 
made below the floor frame to locate the elbow 
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3” pipe fitted 
in test tee @ 
base of stack 


334” 


Test tee w/ cleanout 


Alternate: 


Mark here and add fitting allowance to determine length 
of pipe connecting test tee and double sanitary tee. 


If the P-trap will extend too far 
below the floor joist, the end of 
the run can be turned up between 
the floor joists. 


Figure 19-20. Location of the double sanitary tee depends upon the fall required for the bathtub. 


Closet flange 


Shims equal in 
thickness to finished floor 


Level to check plumb 


Double <A 


sanitary 
tee 
3” pipe 


i L = Laying length 


Figure 19-21. Joining the closet flange to the double 
sanitary tee requires two short lengths of pipe and a 
sanitary ell. 


3” pipe 


that joins the 2” stack to the double wye below 
the floor joists, Figure 19-22. 

To determine how far the 90° ell must be 
below the floor joists (B), calculate the fall for 
the 36” distance between the ell and the side 
inlet of the double sanitary tee. (Fall = 4” per 
foot of run x 3’ = %”). Since the total fall from 
the bathtub P-trap was 2%”, the fall from the 
90° ell will be 1%” (2%” — %”). This means that 
the distance from the bottom of the floor joists 
to the centerline of the 90° ell (B) will be 2%” 
(1%” + 1”). Position the 90° ell with the center- 
line of the hub 2%” below the floor joists and 
mark the 2” pipe at the inlet to the 90° ell. 
Remove the 2” pipe and add the appropriate 
fitting allowance before cutting the pipe. 

The double wye can be located anywhere 
between the 90° ell and the double sanitary tee. 
For this example, the midpoint was chosen. To 
determine the length of the 2%” and 2” lengths 
of pipe subtract the overall length of the fitting 
from the 3’ distance between the double sani- 
tary tee and the double sanitary wye and 


Vent thru A 
roof 


ZexalVeeallarx T 
double sanitary tee 


3%” 


A 


es 


double wye 


D MS oue 
Mark here and add fitting allowance to A 
determine length of pipe. 
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_} Wall between lavatories and tubs 


Length of 2” pipe 


d Level J 
|| to check 
| plumb | | 


1%” vent can also be installed 


Figure 19-22. Installing the 90° ell and double sanitary wye requires calculating the fall for the horizontal portion 


of this run of pipe. 


divide by two. Add the appropriate fitting 
allowances to determine the correct length of 
each pipe. 

The pipes and fittings that extend from the 
double wye to the bathtubs can then be 
installed. The key is to locate the 1%” 45° ell. 
Begin by temporarily inserting a length of 1%” 
pipe in the double wye and supporting it below 
the floor joist. Identify which part of the struc- 
ture the 1%” pipe to the bathtub P-trap will be 
parallel to. Typically, this pipe will be parallel to 


a foundation wall, and it may be parallel to a 
floor joist. Measure the distance (A) from the 
parallel surface to the point where the 1%” pipe 
connects with the P-trap, Figure 19-23. Once this 
measurement is transferred to the 1%” pipe (B), 
the laying length of the fitting is subtracted and 
the pipe can be cut to fit. Measure the length of 
pipe from the ell to the P-trap. Add the appro- 
priate fitting allowance and cut the pipe. 
Procedures for installing the remainder of 
the pipe and fittings for the bath stack are the 
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To lavatories 
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7 End of pipe 
to tub P-trap ac 
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Figure 19-23. The length of the pipe connecting the double sanitary wye to the 45° ell of the bathtub can be deter- 


mined by transferring dimension A to location B. 


same as those described previously for the 
kitchen/laundry stack. Once the DWV piping 
is installed, it is necessary to close all openings 
either with caps, plugs, or test plugs so that the 
system can be tested. These procedures are 
discussed near the end of this chapter. 


g 


History Brief 

Polyvinyl chloride (PVC) was discovered 
accidentally in the 19" century. It appeared as 
a white solid inside flakes of vinyl chloride that 
had been exposed to light. It was not until 
1926, when Waldo Semon of the B.F. 
Goodrich Company developed a method of 
plasticizing PVC into a more flexible and work- 
able form, that it became a commercially valu- ` 
able material. 


Installing DWV 
Plastic Pipe and 
Fittings 

DWV plastic piping is generally measured 
by either the face-to-face or the shoulder-to- 


shoulder method. The fitting allowances 
(engagement) for DWV fittings are given in 


Figure 19-24. These allowances are the same for 
either ABS or PVC materials. For example, if 
the face-to-face measurement for a 2” PVC pipe 
is 4’-6” and the pipe must engage a fitting at 
both ends, then the pipe must be cut 4’-774" 
long. This is an allowance of %” for each fitting, 
or a total of 14”. See Figure 19-25. The laying 
lengths for common types of ABS and PVC 
fittings are given in Figure 19-26. 


Cutting Pipe 


PVC or ABS pipe is usually cut with a pipe 
cutter designed for plastic, Figure 19-27. Plastic 
pipe also can be cut with a fine-tooth saw, 


Plastic Pipe 
Depth of Engagement 


Figure 19-24. Fitting allowances for various sizes of 
plastic pipe. 


using a miter box to ensure that the cut will be 
square, Figure 19-28. All burrs on the cut end of 
the pipe should be removed with a reamer or 
abrasive paper. 


2” Elbow 
Shoulder 
4-7" 
4’-6” z» 
3y” Td sai i 


4-6" + 254" = 8-7” 
Engagement 


Figure 19-25. When computing pipe length, be sure to 
include allowance for the depth of socket on each 
fitting. 
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Joining Pipe 


Before solvent-cementing any type of 
plastic pipe, thoroughly clean the end of the 
pipe and the inside of the fitting. Mud or dirt 
should be wiped away before applying the sol- 
vent cleaner specifically prepared for the type 
of pipe and fittings being joined. The solvent 
cleaner both cleans the pipe and removes the 
surface gloss for better bonding. 

Choose the appropriate solvent cement for 
the type of plastic, Figure 19-29. Using the 
swab that is attached to the solvent cement cap, 
apply a light coat of the cement to the fitting 
socket. Do not use the same swab to apply 
cleaning solvent and solvent cement. 


é 
Figure 19-27. This quick release plastic pipe cutter is 
rotated around the pipe and tightened % to % turn per 
rotation. (Wheeler Mfg. Division of Rex International 
USA, Inc.) 


Figure 19-28. Using a miter box assures a square cut 
on plastic pipe. 
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| ABS ABS dissolved in methylethylketone | 
| CPVC CPVC dissolved in tetrahydrofuran 
| PVC 


PVC dissolved in tetrahydrofuran 


| 
} 
ES en LEELA 


Figure 19-29. Various types of solvent cement are 
available for making joints in plastic piping. 


Next, apply a heavy coat of cement to the 
pipe end. See Figure 19-30. Immediately insert 
the pipe all the way into the fitting socket while 
giving it a quarter turn, Figure 19-31. This rota- 
tion assures that the solvent cement is evenly 
distributed in the joint. A small bead of solvent 
cement should be visible completely around 
the fitting. This indicates that the proper 
amount of cement was applied. No bead or a 
partial bead may indicate incomplete bonding 
that could result in a leaking joint. 

The solvent cement will set up in two to 
five minutes and can be handled with care at 
that time. Allow 24 hours setting time before 
testing the pipe. 


Supporting Pipe 


Horizontal runs of plastic pipe should be 
supported every 3’-4’ with metal or plastic 
hangers that are “” or more in width. Stacks 
should be set in concrete at their base and 
secured to the building frame in order to main- 
tain alignment. (Additional information about 


Figure 19-30. Apply solvent cement to plastic pipe 
with brush or dabber. 


Figure 19-31. Turn the pipe % turn as the joint is 
assembled and hold it in position until the cement 
has set. 


pipe supports is provided toward the end of 
this chapter.) 


ABS pipe and fittings were developed in 

the early 1950s and originally used in oil fields 

| and the chemical industry. John F. Long, an 

| Arizona builder, is credited with the first use 

| of ABS pipe and fittings in residential plumbing 
| in 1959. 


Installing Copper 
Pipe and Fittings 


Copper DWV pipe measurements can often 
be taken shoulder-to-shoulder. However, face- 
to-face measurements are frequently more 
convenient. Appropriate allowances for fitting 
socket depth are shown in Figure 19-32. The 
laying lengths for common copper fittings are 
given in Figure 19-33. 


Cutting Copper Pipe 
and Tubing 

Copper pipe and tubing should be cut with 
a tubing cutter, Figure 19-34. Slowly rotate the 


tubing cutter around the pipe. Tighten the 
cutter one-fourth to one-half turn with each 
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Socket Allowances for Copper Fittings 


Figure 19-32. Make allowance for these socket 
depths when measuring copper piping. 


Figure 19-34. Copper tubing is cut with light pressure 
on the cutting wheel. 


Joining Copper Pipe 


Copper DWV pipe and fittings are joined by 
soldering. 

1. Clean both the end of the pipe and the inside 
of the fitting socket. 

2. Once the parts are clean, apply flux to pre- 
vent the copper from oxidizing too quickly 
when it is heated, Figure 19-36. 

3. Assemble the parts and heat them with a 
soldering torch until they are hot enough to 


| Sanitary tee 


(eae 
a 1 2 : 
B poy 1% 2s | 27e melt the lead-free solder that is used to 
7i 2 2h | Qh make the joint. 
ek 3 4 4 : : 
eann |4 5% BY, Excessive heating will burn away the flux 
| Wye | and cause oxidization that will prevent the solder 


from bonding. Soldering is discussed in more 
detail in Chapter 9, Soldering, Brazing, and 
Welding. Care must be taken to avoid igniting 
the wood framing around solder joints. A shield 
made of fire resistant material is very helpful. 
It is also a good practice to have a fire extin- 
guisher nearby in case it is needed. 


Figure 19-33. The laying length of common copper 
DWV fittings is given in this table. 


revolution until the pipe is cut. Ream the cut 
end of the pipe to remove the burr produced in 
cutting the pipe. See Figure 19-35. 


338 


Figure 19-35. Ream the tubing to remove ridge left by 
cutting. A reamer blade is often built into the tubing 
cutter. 


Figure 19-36. Flux removes oxidation from copper 


tubing and prevents new oxidation from occurring dur- 
ing the soldering process. 


Supporting Copper Pipe 


Horizontal runs of copper pipe should be 
supported every 4-6’ with copper pipe hangers. 
Vertical runs of pipe should be secured to 
maintain alignment. 


ee e n a a E 
v Brief 

In 1966, a critical shortage of copper in the 
U.S. halted construction of many large housing 
developments and spurred the introduction of 
plastic DWV pipe and fittings. 
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Installing Galvanized 
and Black Iron Pipe 


Galvanized iron pipe is seldom used for 
DWV systems. An exception is its use to run 
small diameter drains as a part of a cast iron 
DWV system. Black iron pipe is not approved 
for DWV piping. However, it is used for gas 
and compressed air. Figure 19-37 gives 
allowances for the engagement of threads into 
galvanized or black iron pipe fittings. These 
allowances must be added to all face-to-face 
measurements. 


Cutting and Threading 
Galvanized and Black 


Iron Pipe 


A pipe cutter, Figure 19-38, is the best tool 
for cutting galvanized and black iron pipe. It 
works much like a tubing cutter —the tool is 
revolved around the pipe, with the cutter 
wheel tightened one-quarter to one-half turn 
with each revolution until the pipe is sheared. 
Once the cut is complete, a pipe reamer is used 
to remove the burr. See Figure 19-39. 

Threads are cut with the pipe die and a die 
stock, Figure 19-40. Dies are available for each 
pipe size. A smooth sleeve guides the die onto 
the pipe to ensure that it remains square with 


Distance Iron Pipe is Turned 
into Standard Fittings 


i 


Figure 19-37. Dimensions in right-hand column are 
allowances to be added to face-to-face measurements 
of galvanized or black iron pipe. The allowance adjusts 
for the distance pipe is threaded into fitting. 
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the end of the pipe, Figure 19-41. Cutting oil 
should be used to lubricate the die as threads 
are cut. Cutting, reaming, and threading can 
also be done using a powered pipe machine, 
Figure 19-42. 


Incomplete 
threads 


| 
aj 


O a 

UK 
Sleeve guides 
pipe into die 


Figure 19-41. Cutaway shows pipe being guided 
squarely into die. 


Figure 19-38. A pipe cutter works in the same way as 
a tubing cutter. (The Ridge Tool Co.) 


a a 
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Figure 19-39. A reamer will remove the burr left from 
cutting of galvanized or black iron pipe. 


Figure 19-40. A die and die stock are used when a Figure 19-42. Two types of power driven threading 
pipe is threaded by hand. Die stock holds interchange- machines. A—Portable threader. B—Bench-mounted 
able dies. (The Ridge Tool Co.) threading machine. (The Ridge Tool Co.) 
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Assembling and 
Supporting Galvanized 
and Black Iron Pipe 


Before assembling the pipe and fittings, 
apply pipe joint sealer or Teflon™ tape to the 
threads, Figure 19-43. This seals the joint and 
prevents leaks. The pipe or the fitting is turned 
clockwise with a pipe wrench to tighten the 
joint. See Figure 19-44. 

Galvanized and black iron pipe should be 
supported at 6’-8’ intervals using metal 
hangers. 


Installing Cast [ron 
Pipe 


The correct allowances for the depth of the 
hub on common sizes of hub and spigot cast 


Figure 19-43. Teflon™ tape can be applied to seal 
threaded joints. 


Figure 19-44. Fittings are securely tightened with a 
pipe wrench. 


iron pipe are given in Figure 19-45. This 
allowance must be included when measuring 
pipe length. 


Cutting Cast Iron Pipe 


Cast iron pipe is generally cut with a 
compound lever or hydraulic pipe cutter, 
Figure 19-46. This tool squeezes the chain 
tightly around the pipe. Small cutters in the 
chain bite into the pipe until it fractures. 


Manual Cutting Cast Iron Pipe 


A manual method of cutting cast iron pipe 
gives good results if these steps are followed: 


1. Mark a cutting line all the way around the 
pipe with yellow keel. 


2. Saw a s” to %4” deep groove on the line 
around the pipe. 


3. Roll the pipe and tap on it with a hammer 
near the groove until it breaks. 


On extra heavy pipe, use a mallet and cold 
chisel to complete the cut after sawing the 
groove. Work around the groove until the pipe 
fractures. 


Allowances for Hub Depth 


Figure 19-45. Add the appropriate allowances to the 
face-to-face measurements of cast iron pipe. 


Figure 19-46. Chain-type cutters for use on cast iron 
pipe. A—Cutter with a compound lever mechanism. 
B—Cutter with a hydraulic cylinder. (The Ridge Tool Co., 
Wheeler Mfg. Division of Rex International USA, Inc.) 


Joining Pipe 


No-hub cast iron pipe is joined with a 
neoprene gasket and a stainless steel clamp, 
Figure 19-47. Slip the neoprene gasket onto the 
pipe, then position the clamp over the gasket. 
Finally, tighten both clamp screws to 60 inch- 
pounds. A torque wrench works best. 

Bell and spigot cast iron pipe is joined 
with neoprene compression gaskets or lead 
and oakum. Neoprene compression gaskets, 
Figure 19-48, are installed as the pipe is assem- 
bled. Spraying with silicone lubricant makes 
the assembly easier. 

Lead and oakum joints are seldom used 
today in residential or light commercial 
plumbing. However, repair or remodeling work 
on older buildings may require this technique. 
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C 


Figure 19-47. Joining no-hub cast iron pipe. A—A 
neoprene gasket and clamp are used to make the 
joint. B—Gasket and clamp are slipped onto the pipe. 
C— Clamp is positioned on top of the gasket, then the 
screws are tightened. 


Vertical joints are the easiest to make. Wipe 
away all dirt and moisture from the inside of 
the socket and the outside of the spigot. Proper 
cleaning is important — dirty surfaces will cause 
poor sealing. 
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Neoprene 
A compression gasket 


Figure 19-48. Joining pipe with a compression gasket. 
A—Special gaskets can be used in place of oakum 
and lead. B—A pipe assembly tool will force the com- 
pression gasket into the joint. (E.I. duPont de Nemours 
& Co., The Ridge Too! Co.) 


Carefully center the spigot in the socket and 
pack in oakum. Oakum is a type of hemp 
treated with pitch to make it moisture-proof. 
Pack the oakum tightly using a yarning iron, 
Figure 19-49. When the bell is half full, the joint 
is ready to receive a pour of molten lead. 

Melt about one pound of lead for each inch 
of pipe diameter using a portable furnace. Heat 
the metal until it is completely fluid, and then 
use a ladle to pour the molten metal into 
the joint. 


“Safety Note. 

Molten lead can cause severe burns. 
Always wear safety glasses or a face shield 
and heavy gloves when working with this 


material. Also, make sure that the surfaces of 
the hub and spigot are completely free of 
moisture. Molten lead striking wet surfaces 
creates steam that expands with explosive 
force, expelling droplets of molten lead. 


Yarning ail 


iron 


Oakum 
yarn 


Figure 19-49. Use a yarning iron to pack oakum into 
the bell, forming a seal so molten lead is contained in 
the bell. 


When the lead cools, use a standard 
caulking iron to compact the lead, making the 
joint airtight and watertight, Figure 19-50. 
Move the iron slowly around the joint, tapping 
it gently with a ball peen hammer. Use care, 
since a hard or misdirected blow could break 
the pipe. 

When the lead takes on a dull gray appear- 
ance, the joint is properly caulked. It is ready 
for finishing. Using a wide iron, lightly tap the 
lead to make the surface smooth. 

Horizontal joints are made in the same way, 
except that a joint runner must be used to 
prevent the lead from flowing out of the hub 
before it can harden. This is a rope-like tool 
made of fireproof material, Figure 19-51. 


Oakum: Loosely woven hemp rope that has been 
treated with pitch or other waterproofing agent. Used 
to caulk joints in bell and spigot pipe and fittings. 


Joint runner: A rope-like tool made of fireproof mate- 
rial used to prevent the lead from flowing out of the 
hub before it can harden. 


Caulking iron is 
used to compact 
lead into joint 


Outside 
caulking iron 


Inside 
caulking iron 


Figure 19-50. Tools with offset handles are used to 
caulk lead. 


Inspection of the rough-in plumbing must 
be completed before pipe is covered or other- 
wise concealed. 


Supporting Cast Iron Pipe 


Cast iron pipe, because of its weight, must 
be well supported while joints are being made. 
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Molten 
lead 


Joint 
runner 


Figure 19-51. A joint runner creates a dam around the 
opening of the bell when pouring lead into horizontal 
runs of cast-iron soil pipe. 


Permanent supports must be installed before 
the first rough is completed. 

These supports should be placed at every 
joint on horizontal runs unless the distance 
between joints is less than 4’. In such cases, a 
support at every other joint is enough. Use 
special hangers for this purpose. Vertical runs 
of cast iron pipe can be attached to the building 
structure with vertical pipe brackets or pipe 
straps. Riser clamps should support the weight 
of cast iron pipe at each floor level. 
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Test Your Knowledge 


Wri 


te your answers on a separate sheet of paper. 


Do not write in this book. 


E 


When measuring to determine the length of 
a pipe required to connect two fittings, the 
only method that does not require making 
allowances for fittings is 

AS Genter tO Centen 

B. face-to-face 

C. shoulder-to-shoulder 


. True or False? The DWV piping system is 


installed before the water supply piping. 


. Horizontal runs of DWV piping must be 


installed with a fall of per foot of run. 
A. 1” 
BE 
CEW 
DEL 


. The size of drain/waste pipe is determined 


by the ; 


. The first step in the process of joining 


plastic pipe is to the pipe and fitting. 
A. clean 

B. apply solvent cement to 

C. caulk 

D. apply joint tape to 


. When making solvent-cemented connec- 


tions in plastic piping, what practice 

ensures even distribution of the solvent 

cement? 

A. Cleaning the inside of the fitting. 

B. Rotating the fitting ⁄ turn as it is 
installed. 

C. Applying a thick coating of cement on 

the inside of the joint. 

Applying a thick coating of cement on 

the end of the pipe. 


D: 


. A cemented plastic pipe joint is correctly 


made if a(n)__ of cement forms completely 
around the fitting. 


. If the face-to-face distance between a %” 


copper elbow and a %” copper tee is 6%”, the 
length of the connecting copper pipe will be 


De On 
BEA 
C I 
D. 77%” 


10. 


ML 


127 


. If the face-to-face distance between a %” 


galvanized iron tee and a 34” elbow is 18”, 
what length of %” galvanized iron pipe will 
be required to properly connect the two 
fittings? 

Ame. 

B. 19%” 

Co 1A 

The material applied to threaded pipe 
before assembly is called __ 

A. pipe joint seal 

B. Teflon tape 

C. cement 

D. Both A and B. 

The tool used to pack oakum into the bell of 
a cast iron pipe is called a(n) ; 

A. outside caulking iron 

B. yarning iron 

C. inside caulking iron 

D. packing tool 

When making horizontal joints with hub 
and spigot cast iron pipe, a is used to 
prevent the molten lead from running out 
of the joint. 

A. riser clamp 

B. yarning iron 

C. joint runner 

D. clamp 


Suggested Activities 


ik 


Working as a group, make a set of sample 
pipe assemblies with each of the different 
types of pipe commonly used in your area. 
Each of these completed exercises should 
be capped and fitted with adapters or test 
plugs so they can be tested using standard 
procedures. 


. Working in a small group, install the DWV 


piping for a kitchen, utility room, or bath- 
room in a model framed structure. The 
completed piping system should be tested 
using the testing procedure(s) employed in 
your community. 


Installing Water 
Supply Piping 


Objectives 
After studying this chapter, you will be able to: 
e Determine the size of water supply piping. 


e Apply the methods of measuring pipe 
length between fittings. 


e Describe proper procedures for locating 
and installing water supply systems using 
various materials. 


e Use the prescribed techniques for working 
with pipe and fittings made from PVC, 
CPVC, PEX, and copper. 


The second rough stage of plumbing instal- 
lation includes the installation of both DWV 
and water supply pipe and fittings that are 
eventually covered by finished wall materials. 
Because the fall in DWV piping needs to be 
maintained, it is typically installed first. Once 
the DWV pipe and fittings are installed, water 
supply piping can be installed. The finish stage 
of plumbing installation is discussed in 
Chapter 22. 

Locating fixtures and cutting openings in 
the structure are both presented in Chapter 18. 
Chapter 19 describes procedures for installing 
DWV pipe and fittings. Therefore, this chapter 
is limited to the actual installation of water 


supply piping. 


Technical Terms 


Local code Meter yoke 

Kitchen group Dip tube 

Laundry group Tub/shower valve 

Water hammer Thermal expansion 
arrestors Expansion loop 


Water meter 


Overview of Water 
Supply Pipe and 
Fitting Installation 


The example of water supply pipe and 
fitting installation presented in this chapter is 
based on the same house plan used in Chapters 
18 and 19. The DWV piping is omitted from 
most of the drawings to prevent confusion 
caused by crossing runs of pipe. 

The location of fixtures is known. Before 
decisions about the routing of water supply 
piping are made, the following questions must 
be addressed: 


e Where does the water supply enter the 
building? 
e Where will the water heater be located? 
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Will a gas water heater be installed? 


Will a pressure regulating valve be 
installed? 


Are water treatment devices, such as filters 
and water softeners, going to be a part of 
the system? 


Where will valves and water hammer 
arrestors be installed? 


Where are hose bibbs to be located on the 
exterior of the building? 


For this example, assume the following: 
The water supply enters the building near 
the same location as the building sewer. 
The meter yoke has been installed and the 
outlet of the yoke is about 3’ above the 
finished concrete floor. 


The water heater will be located in the 
laundry area, so it will be close to both the 
kitchen and the laundry area. This arrange- 
ment also makes use of the floor drain in 


the laundry area for any discharge from the 
T/P valve. 

e The water heater is electric and does not 
require a gas pipe or a flue to vent combus- 
tion fumes. 

e A pressure regulating valve is not required 
since the pressure at the meter is 65 psi. 


e A whole-house, cartridge-type filter will be 
installed near the water meter. 


e Hose bibbs are needed near two opposite 
corners of the house. 


The schematic drawing, Figure 20-1, shows 
the runs of pipe from the point of entry to the 
kitchen/ laundry and bath areas, along with the 
cold water lines to the hose bibbs. Water 
supply piping is attached to the underside of 
the floor framing or is run between joists. None 
of this piping, therefore, goes below the 
concrete floor. 


Stop & waste valve 


Bathtub 
“| ` To hose bibb A 
gir Lav. | Bathtub] 
if | Lav. cs 
1.9fu 6-2” ~ f ] _ 1.0fu 6’-%” W.C. <A 
wi .0fu 21-4" > 2 eo 2.5fu 15-2” 
| | Hot water Soe = WC. 
EVA l ee > 
3.7fu 2 Vp - 7.0fu 21’-14” 
1.8fu 6’-12” = J 2.8fu 4’-12” 
cr Valve 
r Ciothes 14.7fu 20-34” 
A & washer 
a 
E 1.8fu n 
5-⁄” Water 
heater \ Cold water 
hose bibb B memene : 
` i Optional ball valve 
rih 
Stop & waste "n -i 
valve Water 
17.2fu 8'-%” | mgr meter 
Water | 
filter 
kN 


` To water main 


Figure 20-1. Schematic drawing of the hot and cold water piping for a house. 


sizing Water Supply 
Piping 

Determining the size of water supply 
piping is the next step in the process. The size 


of the pipe and fittings depends on several 
interrelated factors: 


e Water pressure at the meter. 


e The amount of water needed by each 
fixture. 


e Friction loss due to length of pipe and the 
number and type of fittings. 


Local code regulates pipe size. A series of 
tables used to factor in the variables mentioned 
may be presented in the local code. Water pres- 
sure at the meter can be determined by 
consulting with the local water authority. The 
amount of water required for each fixture is 
given in fixture units and can be referenced in 
a table that is part of the code. Friction loss can 
be estimated by determining the approximate 
length of each pipe run, from either the floor 
plan or by measuring distances in the building. 
On the schematic drawing (Figure 20-1), 
consider the runs of pipe farthest from the 
water meter first. The cold water line from 
bathtub branch to hose bibb A is approximately 
15’ in length. Referring to a table in the model 
code notes that a hose bibb is rated at 2.5 
fixture units. Another table in the code indi- 
cates that 4” diameter pipe is sufficient for this 
installation. Fixture units, as well as the 
approximate length and diameter of each 
section of pipe, are noted on the schematic 
drawing in Figure 20-1. 

The model code provides a fixture unit 
value of 1.5 for hot water and 2.7 for cold water 
in a bathroom group of fixtures including a 
water closet, lavatory, and tub with shower. 
The cold water valve is larger because the 
water closet does not use hot water. The hot 
water pipes from the water heater to the tub 


Local code: Code that regulates size and types of pipe 
to be used in installation. 

Kitchen group: Sink with or without a garbage 
disposal and a dishwasher. 
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faucets are approximately 21’ long and must 
provide for a load of 3.0 fixture units (1.5 x 2 
bath groups). The table from the code indicates 
that 4” pipe is sufficient. Likewise, 21’ of cold 
water with a fixture unit load of 7.9 (2.7 for 
each bath group + 2.5 for the hose bibb) can be 
supplied by %” pipe. Therefore, the cold water 
pipe from the water heater to the bathrooms 
can also be %”. 

There is an alternative to the piping layout 
that would help balance the load on the hot 
and cold water pipes to the bathroom. Rather 
than running the pipe to the hose bibb as an 
extension of the cold water pipe to the bath- 
room, a separate pipe could be run from near 
the meter. This would reduce the fixture unit 
load on the cold water pipe to the bathrooms 
by 2.5. In some instances, this may make it 
possible to install smaller diameter pipe than 
would otherwise be required. This type of 
installation also reduces the possibility of 
noticeable fluctuation in cold water pressure at 
the shower head when the hose bibb is oper- 
ated. Such fluctuations can cause significant 
changes in the water temperature at the shower 
head. Another option is to install a branch to 
serve both hose bibbs ahead of the water filter. 
This reduces the volume of water that runs 
through the filter. Since the water is used for 
watering the yard and cleaning outside, 
filtering may not be necessary. 


Code Note 


In an effort to conserve water, the following | 
| maximum flow rates have been established in 
| model codes: 


Lavatory faucet 2.2 gallons per minute (gpm) 
Shower head 2.5 gpm 

_ Sink faucet 2.2 gpm 

| Toilet 1.6 gallons per flush cycle a) 


When sizing the water supply pipe for the 
kitchen and laundry facilities, consider the 
kitchen first. The code indicates that the fixture 
unit load for a kitchen group (sink with or 
without a garbage disposal and a dishwasher) 
is 1.9 for hot water and 1.0 for cold water. 
Given the relatively short runs of pipe, it is 
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clear from the bathroom sizing that 4” pipe will 
also be sufficient for this part of the installation. 

The fixture units assigned to a laundry 
group (laundry tub and clothes washer) are 1.8 
respectively. Therefore, 4” pipe will also be 
sufficient for these runs. 

The short lengths of pipe between the water 
heater and the tee that creates separate 
branches to the kitchen and laundry room must 
carry the combined load for the kitchen and 
laundry. The hot water pipe supplies 3.7 fixture 
units, and the cold water pipe total is 2.8 fixture 
units. In both cases, 4” pipe is prescribed by the 
reference table. 

The cold water pipe from the water heater 
to the branch serving hose bibb B carries a 
combined load of 14.7 fixture units. The total is 
obtained by adding the combined hot and cold 
water load for two bathroom groups, a laundry 
group, a kitchen group, and a hose bibb. The 
table from the model code indicates that ⁄%” 
pipe is required in this location. Changing from 
4” to %” pipe for this run is warranted because 
one branch at the outlet end of this fitting 
becomes the hot water piping and the other 
branch continues to carry cold water. The cross 
sectional area of a %” diameter pipe is approxi- 
mately double that of a %” diameter pipe. 
Therefore, a sufficient volume of water is avail- 
able for both hot and cold water. The 8’ of pipe 
from the tee of the branch to hose bibb B to the 
water filter, carries a total load of 17.2 fixture 
units and also needs to be %” in diameter. The 
specifics of sizing water supply piping may be 
different for the plumbing code in your area. 
You need to become thoroughly familiar with 
the requirements of local code to ensure that 
your work passes inspection. 


Locating Valves and Water 
Hammer Arrestors 


Before beginning installation, consider 
where valves and water hammer arrestors are 
needed. Plumbing codes generally require a 
valve on the cold water pipe entering the water 
heater. Stop and waste valves are required for 
hose bibbs that are subject to freezing, unless 


frost-proof hose bibbs are installed to extend 
through the insulation into heated space. An 
individual shut-off valve is required for each 
water closet. Valves for water closets are 
installed during the finish stage of plumbing 
installation. A valve may be installed ahead of 
the filter to turn off the water when the filter 
cartridge needs to be changed. The water may 
also be turned off using the valve installed at 
the water supply pipe entry point on the 
building. A separate valve ahead of the filter is 
primarily a matter of convenience and depends 
on the location of the filter, relative to the valve 
near the meter. 

Code generally requires water hammer 
arrestors near quick closing valves. This 
includes washing machines and water closets. 
The purpose of water hammer arrestors is to 
absorb the energy of flowing water when a 
valve is closed quickly. This reduces noise in the 
piping system and may prevent failure of the 
piping system. Many plumbers install air cham- 
bers at each stub-out to act as water hammer 
arrestors. These air chambers are effective as 
long as they do not fill with water. The code 
typically does not prohibit the use of air cham- 
bers at each stub-out; however, air chambers 
may not meet the code requirement for water 
hammer arrestors near quick closing valves. 

In some cases, valves are installed on major 
branches of the piping system to permit just a 
portion of the system to be shut off for repairs. 
For example, a valve at the beginning of the 
branches serving the kitchen and laundry areas 
permits continued use of the bathrooms while 
repairs are being made in the kitchen or 
laundry. Another alternative is to install a valve 
at each stub-out so that every fixture is individ- 
ually isolated. If installing valves at major 
branches, these are installed as the second 
rough stage progresses. Valves for individual 
fixtures are installed during the finish stage of 
plumbing installation. 


Laundry group: Laundry tub and clothes washer. 


Water hammer arrestors: Absorb the energy of 
flowing water when a valve is closed quickly, required 
by code to be installed near quick closing valves, such 
as washing machines and water closets. 


Having determined the size of pipe 
required and the location of valves and water 
hammer arrestors, it is necessary to obtain the 
water heater, filter, valves, pipe, fittings, and 
supplies needed to complete the installation. 
The sketch in Figure 20-1 can be used to 
prepare a list of materials. In some cases, the 
plumber may have the components with them 
based on an estimate prepared in the process of 
obtaining the job. Once the components are at 
the job site, work can begin. 


Connecting to the 
Meter Yoke 


If more than one person is working on the 
job, it may be helpful to divide the tasks. One 
person can begin installing the water filter and 
extend the %” pipe to the underside of the floor 
frame, while others place the water heater in 
position. Once these tasks are completed, one 
or two people can install the %” pipe to the 
water heater and %” pipe to hose bibb B, while 
others work on the kitchen/laundry pipe and 
fittings. A third team could simultaneously 
begin working on the bathrooms. 

One of the first tasks is to locate the water 
heater. It needs to be in a position that allows 
the pipe from the meter to be connected to the 
inlet with as few fittings as practical. 
Manufacturer’s instructions should be followed 
regarding bricks or other supports to raise the 
water heater tank above the concrete floor. The 
water heater needs to be plumb and solidly 
supported at the base. The drain valve must be 
positioned so that it is easily accessible. 

The water meter is generally installed at the 
point where the building water supply pipe 
extends through the foundation wall. The 


ooo 
Water meter: Mechanical device that measures the 
amount of water passing through the water service 
into a building. 

Meter yoke: Device installed after the water meter is 
installed where the building water supply pipe 
extends through the foundation wall. It must be in 
place before the water filter can be installed. 
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meter yoke may have been installed when the 
connection to the water main was made (see 
Chapter 15). If not, it needs to be installed now. 
Once the meter yoke is in place, the water filter 
can be installed, Figure 20-2. Most canister type 
water filters have internal iron pipe thread 
connections. Therefore, MIPT (male iron pipe 
thread) adapters are required for the %” pipe 
connection to both the inlet and the outlet of 
the filter housing. The filter housing should be 
joined to the %” cold water pipe with unions, 
so the filter can be replaced without cutting 
the pipe. If a valve is installed at the inlet of the 
filter housing, it should be a ball valve, so 
it will cause little water flow resistance when it 
is Open. 

Next, decide where the %” vertical pipe will 
be located, so it can be extended to the water 
heater with the least number of fittings. Hold 
the filter near the outlet of the meter yoke to 
determine if the filter can be connected to the 
meter yoke with a straight run of pipe. If not, 
two 45° ells and a short length of pipe can be 
installed to run the pipe far enough from the 
foundation wall for the filter to be installed. 
Temporarily install the adapters in the filter 
housing. Lay the filter, unions, and valve on the 
floor in the same order they are to be installed, 
then measure the total length. Compare this to 
the distance between the outlet of the meter 
yoke and the 90° ell at the base of the vertical %” 
pipe. If there is not enough space, it may be 
necessary to omit the unions or install the filter 
at a right angle to the foundation wall. The 
second option, if used, will result in the vertical 
% pipe being farther from the foundation wall. 
Once the layout is decided, lengths of pipe can 
be cut and joined with appropriate fittings. 
Face-to-face measurements plus the fitting 
allowances will give the pipe lengths. 

The joints for these components can now be 
made permanent. The procedures for joining 
pipe and fittings depend upon the type of 
material being installed. Refer to the appro- 
priate section of this chapter for additional 
information. Threaded adapters will require 
Teflon™ tape or pipe joint cement to ensure 
watertight connections. 

From the outlet of the filter piping, a %” 
pipe should extend vertically to the underside 
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Figure 20-2. A whole house water filter is installed in the pipe run from the water meter. If unfiltered water is 
acceptable for hose bibbs, a branch pipe can be run to the hose bibbs before the water enters the filter. 


of the floor joists. The face-to-face measure- 
ment for the vertical length of %” pipe can 
be made by first securing a length of the 
appropriate diameter pipe to the underside of 
the floor joists. Depending on the direction that 
the floor joists run, either the 4” pipe to hose 
bibb B or the %” pipe to the water heater must 


be fastened to the lower edge of the floor joists. 
The other pipe is run in the space between two 
floor joists. If the horizontal %” pipe to the water 
heater runs below the floor joists, a ⁄ x 4 x % 
reducing tee should be installed at the end 
of the vertical %4” pipe. If the %” horizontal pipe 
to the water heater runs between two joists, a 


4 x xX % reducing tee is needed so the %” hori- 
zontal pipe to hose bibb B can be attached to 
the underside of the floor joists. Temporarily 
assemble the appropriate tee and a length of 
the correct diameter pipe. Secure the assembly 
to the lower edge of the floor joists in the 
desired location. The face-to-face measurement 
for the %” vertical pipe can now be made. Add 
the fitting allowance and cut the pipe to length. 

If the %” pipe to the water heater runs in the 
space between two floor joists, it will pass over 
the beam supporting the floor joist near the 
center of the basement without any offset. If the 
⁄” pipe runs below the floor joists, either the 2” 
thick wood plate on top of the beam will need 
to be notched, or the %” pipe will need to be 
offset using 45° ells. 

The length of vertical pipe joining the 
reducing tee and the upper 90° ell will be deter- 
mined by the height of the horizontal pipe 
extending from the 90° ell. Typically, this 
distance is not critical unless a heat duct or 
other obstruction is or will be in the path of 
the pipe. 


Installing the Water 
Heater 


The water supply pipe from the meter 
divides into two main branches at the water 
heater. One branch is for cold water and the 
other branch connects to the water heater to 
produce the hot water branch. Beyond the 
water heater, the hot and cold branches run 
parallel to each other to serve each of the 
fixtures. 

Code requires that a valve be installed on 
the cold water pipe entering the water heater, 
Figure 20-3. This allows the water heater to be 
turned off when maintenance or replacement is 
necessary. This valve turns off the entire hot 
water branch because it stops the flow of water 
into the water heater. It is very important to 
follow the manufacturer’s directions so the 


Dip tube: Device that directs entering cold water to 
the bottom of the water heater tank. 
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Figure 20-3. A water heater must be located so the 
discharge pipe either empties into a floor drain or 
extends to the exterior of the building. 


correct openings are used for the installation of 
the cold and hot water pipes and the T/P relief 
valve. The cold water inlet is fitted with a dip 
tube inside the water heater tank that directs 
entering cold water to the bottom of the tank. If 
this connection were used for either the hot 
water pipe or the T/P relief valve, the water 
heater would not function properly. 


Completing Water Heater 


Installation 
The following procedure can be used to 
complete the installation of the water heater: 
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. Check the position of the water heater to 


make certain the pipe from the meter will 
connect to the inlet of the water heater. Once 
the water heater is in position, installation of 
the cold water pipe can begin. There are two 
options for connecting the water heater to the 
water lines: rigid pipe (as shown) or flexible 
connectors (copper or braided stainless 
steel). Rigid pipe and unions require more 
precise work because the unions must align 
and the length of the vertical pipe must be 
accurate. 


. One way to determine where the % x 4 x % 


reducing tee must be located is to install an 
MIPT in the water heater inlet and extend a 
short length of %” pipe vertically to the point 
where it crosses the %” horizontal pipe. Hold 
the reducing tee in position beside the verti- 
cal pipe and mark the %” horizontal pipe at 
the right of the fitting. Add the appropriate fit- 
ting allowance and cut the %” pipe to length. 


. Temporarily install the % x % x % reducing tee 


and work downward to the water heater. The 
exact location of the ball valve and union is 
not critical. However, the total length of the 
assembly and the alignment of the union 
components must be accurate. The handle of 
the ball valve should be far enough from the 
floor frame to provide clearance for operating 
the valve. 


. Once the ball valve is installed, cut a short 


length of pipe, assemble the union, and tem- 
porarily hold the pipe and union in position. 
Measure the face-to-face dimension between 
the union and the MIPT adapter. Add the 
appropriate fitting allowances and cut the last 
piece of pipe. Check alignment and perma- 
nently assemble these components. 


. The installation of the hot water pipes is 


essentially the same. The horizontal runs of 
pipe leading to the kitchen/laundry and bath- 
room areas will be secured to the underside 
of the floor joists. Therefore, the height of the 
90° ell will be determined by the position of 
the %” horizontal pipes. Temporarily place a 
#” tee on a length of 4” pipe and attach it to 
the underside of the floor joists in position to 
go to the bathroom area. Place a length of 4” 
pipe in the MIPT adapter in the outlet of the 
water heater. Plumb the pipe and hold a 90° 


ell in position so the face-to-face distance 
between the %” tee and the 90° ell can be 
measured. Add the fitting allowance and cut 
the pipe. 

6. Temporarily install the 90° ell and cut a length 
of pipe to join the union to the ell. Hold the 
assembled union in position on the pipe and 
measure the face-to-face distance between 
the union and the MIPT adapter. Add the fit- 
ting allowances and cut the pipe. Make a trial 
assembly of the components and check 
alignment before making the assembly 
permanent. 


7. The T/P relief valve is installed using Teflon™ 
tape to ensure a watertight joint. The dis- 
charge pipe must be the same nominal diam- 
eter as the outlet of the T/P relief valve. It ter- 
minates above the floor drain — an air gap 
above the floor of more that 1” but less than 
6” must be maintained. 


8. The runs of 4” cold and hot water pipes that 
go to the bathroom and laundry/kitchen area 
can be installed following similar procedures. 
It may be desirable to temporarily extend a 
length of pipe for each of the runs from the 
water heater, then start at one of the fixtures 
and work backward to connect with the cor- 
rect branch. 


Neither check valves nor shut-off valves 
should be installed in the discharge piping 
from a water heater. 


The short lengths of pipe directly connected 
to the water heater must not be PVC. CPVC 
may be acceptable, but copper or galvanized 
iron pipe is often preferred. If the water heater 
were to overheat, the high temperature of the 
water may cause the plastic pipe to fail at this 
location and even at the cold water inlet pipe. 


Code Note 


Joints between copper and galvanized 
pipe should be made with dielectric fittings to | 
prevent corrosion. | 


The example shown in Figure 20-3 is for an 
electric water heater. If installing a gas water 
heater, the only difference is that a pipe must 
be run from the gas meter to the water heater, 
and a flue must be installed. For additional 
information on gas pipe installation, see 
Chapter 25. 


Installing Water Supply 
Piping to the Kitchen and 
Laundry Room 


Before extending the hot and cold water 
lines from the water heater to the kitchen and 
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bath areas, check the position of stub-outs in 
each location and determine the most practical 
route to run the pipes. From this point forward, 
it is critical to remember that the cold water 
stub-out is always installed to the right of the 
hot water stub-out as you are facing the 
installed fixture. 

Consider how the hot and cold water pipes 
are routed around the DWV piping and any 
other obstructions, such as heat ducts. The 
water supply pipes in this case must be offset 
into the exterior wall; in much the same way as 
the sink drain was installed. Having selected a 
route for the pipes, begin with the kitchen and 
install the stub-outs for the sink, Figure 20-4. 
The vertical pipes that go through the sole 


Riser 
Option B 


1. Raise or lower 
assembl 


Foundation wall — 


Figure 20-4. In this installation, water supply pipes must be offset around the foundation so they can enter the 
exterior wall. In cold climates this type of installation is questionable because of the risk of freezing. 
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plate into the basement determine where the 
branch piping under the floor must be 
extended. 


Installing Cold Water Pipe 


The following procedure for installing the 
cold water pipe can also be used to install hot 
water pipe. 

1. Insert a length of 4” water pipe through the 
hole in the sole plate so it extends into the 
space between the floor joists. 


2. Temporarily install a 45° ell on the pipe as 
shown, with a second length of pipe extend- 
ing from the other socket of the 45° ell. 


3. Raise or lower the assembly until the lower 
pipe extends below the floor joist, far enough 
beyond the drain pipe to allow the installation 
of a horizontal water pipe parallel to the 
drain pipe. 

4. Mark the 45° angled pipe and make the nec- 
essary allowance for the fitting before cutting 
the pipe. 

5. Temporarily install the 90° ell and a length of 
%” water pipe. 

6. Temporarily fasten the %” pipe to the under- 
side of the floor joists. 


7. Mark and cut the length of pipe extending 
above the sole plate to produce the required 
rough-in height for the stub-out. 


8. From the layout work described in Chapter 18, 
the rough-in height for the kitchen sink water 
supply stub-outs is 12”. This means that the 
center of the tee must be 12%” above the 
sub-floor (12” + %” allowance for finished 
flooring). 


9. Hold the fitting in position and mark the pipe 
below the fitting. 


10. Add the fitting allowance and cut the pipe. 


11. If air chambers are installed as shown, the 
length of vertical pipe above the tee needs to 
be at least 12”. The horizontal stub-out 
should be long enough to extend 3” through 
the finished wall. 
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12. Two alternatives for riser fabrication are 
shown in Figure 20-4: Option A—Water 
Hammer Arrestor and Option B—Drop Ear 
Ell. Once these components are trial fitted, 
the joints can be made permanent from the 
90° ell below the floor to the stub-out and 
the pipe secured to the blocking near the 
stub-out. 


Before continuing with the installation of 
the horizontal pipe under the floor joist, decide 
how to run the water lines to the laundry area. 
It is generally preferred that the horizontal pipe 
runs under the floor joists or in the space 
between two floor joists. Vertical drops from 
the horizontal pipes are extended to the 
desired height for the clothes washer and the 
laundry tub, Figure 20-5. Given that the foun- 
dation wall is left exposed in the finished 
building, the pipe must be anchored either to 
the concrete wall or to pieces of wood that are 
anchored to the concrete wall. It is somewhat 
easier to accurately locate the pipe if pieces of 
wood are anchored to the wall before the pipe 
is installed. 


"= 


Installing Hot Water Pipe 


Note how the hot water pipe is offset so it 
can pass above the cold water pipe. Also, note 
the location of the tees that produce the branch 
to the kitchen. Since the horizontal hot water 
pipe (A) will be above the cold water pipe (B), it 
is easier to install the hot water pipe first. The 
procedure is essentially the same as previously 
described. 


1. Begin by installing the hot water drop to the 
stub-out for the laundry tub (C). 


2. If air chambers are included, the tee for the 
air chamber should be near the stub-out. The 
air chamber should be at least 12” tall and be 
installed parallel to the foundation wall (90° 
angle to the stub-out). 


3. The outlet of the 90° ell, at the top of the 
stub-out, should be at least 2” above the 
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Figure 20-5. Water lines for the basement are run from the underside of the floor joists. This makes it unneces- 
sary for water lines to be installed below the concrete floor. 


bottom of the floor joist to provide the need- 
ed clearance above the cold water pipe. 

4. Once the components for C have been test 
fit, they can be permanently joined and 
secured to the wood block with a pipe strap 
or with screws through the holes in the wings 
of the drop ear ell. 

5. The pipe should be plumbed and temporarily 
fastened at the top. 


\ 


Repeat the process described above to 
install the hot water drop (D) for the clothes 


washer. Given that washing machines are 
equipped with quick closing valves, a water 
hammer arrestor is needed near the stub-out. 
Check the manufacturer’s specification to 
determine if the arrestor can be installed in a 
horizontal position or if it must be installed 
vertically. Drop ear ells should be used at the 
stub-out to make it easier to attach the pipe 
to the wood block. The 90° ell at the top of 
pipe D should extend the same amount 
above the bottom of the floor joists as pipe C. 
Test fit these components before making the 
joints permanent. 
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When plumbing for a clothes washer that is 
installed in a finished wall, the standpipe and 
hot and cold water lines can be connected to a 
washing machine outlet box, Figure 20-6. The 
finished appearance is much more attractive 
than having the pipe exposed. Water hammer 
arrestors are installed above the washing 
machine outlet box. Connecting the water pipes 
to a washing machine outlet box is essentially 
the same as the process described previously. 

The next step is to install pipe A and 
continue it to the right and join with the hot 
water branch to the kitchen sink. Pipe E goes to 
the water heater. An offset is needed to join E 
with the continuation of A. Measure, cut, and 


Figure 20-6. A washing machine outlet box provides a 
neat and attractive means of installing the standpipe 
and water supplies into a framed wall. 


test fit these components before making the 
joints permanent. 

With the hot water pipe in place, the cold 
water pipe can be installed using the same 
procedure, with one exception. There is no 
need for an offset in the cold water pipe 
because the horizontal run is below the bottom 
of the floor joist. You may want to stop the 
cold water pipe installation at the inlet of 
the tee to the kitchen sink. From this point, the 
pipe needs to connect to the cold water main 
and the cold water pipe to the bathrooms. 
Once the position of the run to the bathrooms 
has been determined, it may be easier to make 
the connection to the kitchen/laundry cold 
water pipe. 


Installing Water Supply 
Piping to the Bathrooms 


The schematic in Figure 20-7 shows the 
water supply pipe for the two bathrooms. The 
cold water pipes to the water closets can 
branch vertically from the main horizontal run, 
provided the pipe is positioned directly below 
the wall separating the two bathrooms. If this is 
not practical, these pipes need to be offset 
before extending vertically. 

The hot and cold water pipes to the lavato- 
ries and to the tub/shower units require offsets 
similar to those for the laundry so that the runs 
of pipe can cross one another. The installation 
of pipes to one of the tub/shower units 


Bathroom 1 


Tub/ 
shower | 
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& laundry rm. I ] a Ns shower ] 
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To water © (All other pipe & L “J 5| To hose 
heater fittings are 2”) - bibb A 


To ‘ages 


Bathroom 2 


Figure 20-7. Note that the water pipe from the meter divides into hot and cold water branches at the water heater. 


describes how this is done. Also, since 
tub/shower valve installation is completed 
during second-rough, this process is described. 

Figure 20-8 shows how to offset the hot 
water piping so it can be installed around the 
cold water pipe. It is not important which of 
the pipes is offset, but it is essential that the 
offset be made in either the hot or cold water 
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pipe and that enough clearance be provided so 
that the pipes never touch. Expansion, contrac- 
tion, and water hammer produce enough 
movement in the pipes to cause wear, and ulti- 
mately failure, if the pipes touch. 

It is somewhat easier to install the offset pipe 
first, so that it is not necessary to work around 
the other pipe. Knowing the approximate 


Figure 20-8. It is necessary to create an offset in either the hot or cold water piping so the pipes can cross 


each other. 
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location of pipe A makes it possible to begin 
with the hot water riser to the tub/shower 
valve, Figure 20-9. The riser (B) is the vertical 
part of the branch to the tub/shower valve. The 
tub/shower valve is installed during second- 
rough because it is inside the finished wall. A 
variety of different tub/shower valves are 
available, and it is necessary to refer to the 
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Cold water 


Hot water 


Sole plate 


Figure 20-9. Tub/shower valves are installed during 
second-rough because they are inside the wall cavity. 


manufacturer’s directions for installation 
details. Most tub/shower valves are fitted with 
a round plastic guide that is installed flush 
with the finished wall. The finished wall mate- 
rials are fitted around the guide. The guide is 
removed during the finish stage of plumbing 
installation providing an opening in the wall in 
front of the valve so that the valve can be 
adjusted and repaired. A removable metal 
cover closes the opening in the wall and the 
knob is installed during the finish stage of 
plumbing installation. 

Tub/shower valves have connections for 
four pipes: one each for hot and cold water, 
one for the showerhead, and one for the tub 
spout. It is very important that the valve be 
positioned properly. If, for example, it is 
installed upside-down, the showerhead may 
not receive enough water to work properly and 
the water temperature controls may not work 
properly. Check the valve for markings that 
indicate the correct position. Tub/shower 
valves are generally installed about 36” above 
the floor, so that a person both seated in the tub 
and standing at the shower can reach the 
control. Check the rough-in dimensions. It is 
critical that the blocking be installed the correct 
distance from the face of the studs so that the 
plastic guide on the valve is flush with the 
finished wall. Again, check the manufacturer’s 
directions before installing the blocking. 

Most tub/shower valves require that MIPT 
adapters be threaded into the four openings so 
that pipes can be connected. Teflon™ or pipe 
joint compound must be used to make these 
joints watertight. If copper pipe is being 
installed, exercise care to prevent heat from the 
soldering operation from damaging internal 
parts of the valve. The manufacturer may 
recommend removing some of the internal 
parts of the valve. At a minimum, solder the 
adapter to the pipe before threading the fitting 
into the valve. When soldering the tees in the 
water pipes, wrap a wet cloth around the 
adapter to keep it and the valve cool. 


Tub/shower valve: Valve fitted with a round plastic 
guide that is installed flush with the finished wall 
during the second-rough stage. 


The height of the showerhead stub-out is 
dependent on the type of shower enclosure 
that is installed. Often, the showerhead is 
installed above molded fiberglass tub/shower 
units to avoid cutting an opening in the fiber- 
glass. Likewise, the tub spout is installed above 
the tub rim so that it goes through the finished 
wall materials (such as tile, cultured marble, or 
sheet plastic) and not the tub itself. Manu- 
facturer’s directions and the plans for the bath- 
room should provide the information neces- 
sary to position the drop ear ells correctly. 

The drop ear ells for the showerhead and 
tub spout have internal pipe threads at the 
outlet so that threaded pipe or fitting can be 
installed during the finished stage of plumbing 
installation. Close the pipe for testing by 
installing and capping %” pipe nipples, long 
enough to extend 3” inside the finished wall. It 
is essential that the drop ear ells be securely 
fastened to the blocking, because of the force 
that must be applied to install the finished 
components. 

The valve and all four of the pipes leading 
from it can be installed at this point. The lower 
vertical hot and cold pipes can be extended 
through the sole plate to be marked before they 
are cut and permanently installed. Once this 
work is completed in the first bathroom, the 
tub/shower valve in the second bathroom can 
be installed in the same manner. The connec- 
tions to the hot water pipe below the floor can 
then be completed and the cold water pipe can 
be installed. 

The rough-in for the two lavatories is very 
similar to the tub/shower installation. The 
basic difference is that a valve is not installed at 
this time. Rather, the hot and cold water pipes 
are stubbed out in the same manner as the 
kitchen sink. Check the rough-in dimensions 
and proceed with the offset in the hot water 
pipe in the same way as in the tub/shower 
installation. 

The next task is to complete pipe runs to the 
hot and cold water piping on the underside of 
the floor frame. Face-to-face measurements 
plus fitting allowances determine the length of 
pipes. In cases where one length of pipe is not 
sufficient, a coupling is needed to join two 
lengths of pipe. The cold water pipe extending 
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from the bathroom to hose bib A must also be 
installed. A FIPT adapter is needed to attach 
the hose bibb. The siding on the outside of the 
house must be installed before the hose bibb is 
attached because it fits over the siding. The 
pipe can be capped inside the foundation so it 
will be ready for testing. Once the siding is 
installed, the cap can be cut off and a coupling 
and short length of pipe may be used to extend 
the pipe run to the hose bibb. 


Code Note 


Hose connections should be fitted with | 
, backflow preventers on the discharge side of | 
| the threaded outlet. 


A ee | 


Before testing the system, the final step is to 
check that all joints have been made correctly, 
that caps are installed on all stub-outs, and that 
the pipe is properly secured to the frame of the 
building. Additional information about 
spacing supports is provided in each of the 
sections that follow, addressing the installation 
of different kinds of pipe. 


Installing PVC and 
CPVC Plastic Pipe 
and Fittings 


Local code may permit the installation of 
PVC for cold water piping. CPVC is required 
for hot water. Most plumbers prefer to use 
CPVC for both hot and cold water piping to 
eliminate the risk of mixing the materials 
during installation. Also, a different adhesive is 
required for each of the types of plastic and it is 
very easy to use the wrong material. To help 
differentiate the materials, remember that PVC 
is white and CPVC is tan in color. 


Thermal Expansion and 
Contraction 


All materials change dimensions as a result 
of fluctuating temperatures. Plastics expand 
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and contract more than other materials 
commonly used for water supply piping. 
Therefore, it is important to consider expansion 
and contraction when installing these mate- 
rials. There is generally enough clearance 
around openings, and the runs of pipe are short 
enough that thermal expansion does not 
become a problem. However, long straight 
runs of pipe that are securely fastened at both 
ends can become a serious problem. Thermal 
expansion is calculated using the formula and 
the coefficient of thermal expansion shown in 
Figure 20-10. The coefficient of thermal expan- 
sion is given in inches per 10°F change in 
temperature per 100 feet of pipe. 

Assume that a 100’ straight run of PVC 
water supply pipe was installed when the 
temperature was 60°F. If the temperature rises 
to 90°F, how much longer would the pipe be? 
Refer to the calculation shown in Figure 20-11. 
The increase in length is 1.08” for the 100’ of 


Expansion (High temp. — 
Change in _ coefficient “ Low temp.) Length (’) 
length (^) ~ eo x 400 


Figure 20-10. The expansion and contraction of PVC 
and CPVC pipe can be calculated using this formula. 


Expansion (High temp. — 

Change in Coefficient * Low temp.) Length (’) 
Pa = x 
one 10 100 
_ 0.360 x (90° F - 60°F) 100° 

10 * 100 
0.360 x S0"F 
a Xd 
10 
_ 10.8 aa 
10 
= 1:08” 


Figure 20-11. This formula allows you to calculate 
how much a length of PVC will expand and contract. 


pipe. At a minimum, this causes the pipe to 
bend between supports. If the temperature 
difference is 50°F, rather than 30°F, the change 
in length is 1.80”. At this point, something is 
likely to break. 

The problem is even greater for CPVC hot 
water piping, because the temperature of the 
pipe may reach 150°F when hot water runs 
through it for extended periods. The calcula- 
tions in Figure 20-12 indicate that the total 
change in length for a 50’ straight run of CPVC 
is nearly 2”. A hot water run could be this long 
in some large homes, which prompts a neces- 
sary change to prevent failure of the piping. 

The solution is to install an expansion loop 
near the center of long runs of pipe. The mini- 
mum size of the expansion loop depends upon 
the amount of thermal expansion and diameter 
of the pipe being installed, Figure 20-13. Ex- 
pansion loops are made from 90° ells and short 
lengths of pipe. The legs of the expansion loop 
must be long enough to absorb the change in 
length without placing excessive stress on the 
pipe or fittings. Therefore, it is important that 
these guidelines be followed. If a straight run 


Expansion (High temp. — 
Change in coefficient ^ Low temp.) Length (^) 
length (”) © 10 “400 


0.380 x (150° F -50° F) 50 
10 * 100 


0.380 x 100° F 1 
= TX 
10 e 


=o 


Figure 20-12. Use this formula to calculate the expan- 
sion and contraction of CPVC pipe. 
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Thermal expansion: The result of fluctuating tempera- 


tures, causing water supply piping materials to 
change dimensions. 


Expansion loop: Combination of 90° ells and short 
lengths of pipe that are installed near the center of 
long runs of pipe as a solution to the thermal expan- 
sion problem. 
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R(’) = 1.44 x Dia. of pipe (”) x Change in length (”) 


The expansion of the 12” (0.5”) PVC example from 
Figure 20-11 was 1.08”. Therefore, 


R = 1.44 x 0.5 x 1.08 
=155 on181⁄47 

and 

YR = 9%” 


The expansion of the 1⁄2” CPVC example from 
Figure 20-12 was 1.96”. Therefore, 


R =1.44x0.5~x 1.96 
= 282 (lp Sis” 

and 

REEI 


Figure 20-13. The dimensions of an expansion loop for 
PVC or CPVC can be determined with this formula. 
(NIBCO Inc.) 
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of hot water CPVC piping is more than 20 
long, it is a candidate for an expansion loop. 
PVC runs of 50’ should also be considered for 
expansion loops. 


Measuring PVC and 
CES C Eipe 


Most plastic water supply lines are mea- 
sured using the face-to-face technique, with an 
allowance for the depth of the fitting socket, 
Figure 20-14. For example, if the face-to-face 
measurement of a %” pipe is 4’-6” and the pipe 
must engage a fitting at both ends, the pipe 
must be cut 4’-7%” long (4’-6” + %” + %”). 

When it is necessary to make center-to- 
center measurements, you must know the 
laying length of the fitting(s) being installed. 
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Plastic Pipe 
Depth of Engagement 


Figure 20-14. This chart gives the fitting allowance for 
plastic pressure fittings. 


Figure 20-15 gives the laying length for the 
more common types of fittings. A local 
plumbing supply house should have a 
complete table of laying lengths for all the 
fittings they sell. 


— | 


Figure 20-15. The laying lengths for selected PVC 
and CPVC fittings. (NIBCO Inc.) 
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Cutting PVC and 
CPV C Pipe 


Plastic water supply pipe is cut with plastic 
pipe cutters. The cut must be square so that a 
full joint can be made with the socket. All burrs 
on the cut end of the pipe should be removed 
with a reamer or abrasive paper. 


Joining PVC and CPVC Pipe 


Joining plastic pipe is described in more 
detail in Chapter 19. The following is a review of 
the process. 


1. Apply a solvent to both the pipe and fitting or 
use abrasive paper to clean the pipe and 
remove the gloss for better bonding. 


2. Apply a light coat of the appropriate solvent 
cement to the fitting socket with the swab 
attached to the inside lid of the container. Do 
not use the same brush/swab to apply the 
cleaning solvent. 


3. Apply a heavy coat of cement to the pipe 
spigot. 

4. Immediately insert the pipe all the way into 
the fitting socket while giving it a quarter turn. 
The rotation assures that the solvent cement 
is evenly distributed in the joint. 


A bead of solvent cement completely 
around the fitting indicates that the proper 
amount of cement was applied. No bead or a 
partial bead may indicate incomplete bonding 
that results in a leaking joint. 

The solvent cement sets in two to five min- 
utes and can be handled with care at that time. 
Allow 24 hours before testing the pipe. 


Supporting PVC and 
CPVC Pipe 


Horizontal runs of plastic pipe should be 
supported with plastic hangers as indicated in 


Figure 20-16. Screws can be used to fasten the 
hangers to wood framing members. Concrete 
anchors are required to secure pipe to founda- 
tion walls. Additional information about pipe 
supports and concrete anchors is provided in 
Chapter 21. 


History Brief 

Copper became a popular material for 
plumbing in the 1930s following the develop- 
ment of manufacturing techniques that pro- 
duced thin-walled copper tube that is still in 
use today. Before the 1930s, copper pipe had 
thick walls, like galvanized and black iron pipe, 
and was joined with threaded connectors. 


poa 


Installing Copper 
Pipe and Fittings 


Installing copper water pipe and fittings is, 
in many ways, similar to installing PVC and 
CPVC water lines. The major difference is that 
the joints are soldered rather than being joined 
with adhesive. Before describing fabrication 
techniques for copper pipe and fittings, the 
problem of thermal expansion and contraction 
is discussed so that any necessary modifica- 
tions can be incorporated into the piping 
system before the joints are soldered. 


Thermal Expansion and 
Contraction 


Thermal expansion and contraction of 
copper can be calculated using the same 


Pipe Support Spacing (ft.) 


| 


Figure 20-16. The recommended maximum distance 
between supports for PVC and CPVC. 


formula previously used for PVC and CPVC, 
by substituting the appropriate coefficient of 
thermal expansion. The following example 
illustrates the extent of thermal expansion and 
contraction in copper pipe. Assume that a 100’ 
straight run of copper water supply pipe was 
installed when the temperature was 50°F. If the 
temperature rises to 100°F, how much longer 
would the pipe be? The calculation is shown in 
Figure 20-17. The increase in length is 0.564”, or 
approximately %”, for the 100’ of pipe. This is 
sufficient to warrant the installation of a loop. 
If the straight run were only 25’, the change in 
length is less than %”. It is unlikely that an 
expansion loop is necessary in this situation. 
Understand that every time the pipe cools off, 
it decreases in length and expands again when 
reheated. This movement places stress on 
the pipe and fitting and may be responsible 
for some noise in the plumbing system, as the 
pipe moves against framing members and 
support straps. 

The problem is greater when copper is used 
for hot water, because the temperature of the 
pipe may reach 150°F when hot water runs 
through the pipe for extended periods. The 
calculations in Figure 20-18 indicate that the 
change in length for a 100’ straight run of 
copper pipe is about 1%”. It is, however, 
unlikely that a straight run of hot water pipe 
would be more than 100’ long. The change in 
length of a 50’ straight run of copper hot water 
pipe may exceed ’4”. This is sufficient to cause a 


Expansion _ (High temp. — 


Change in coefficient ~ Low temp.) Length (’) 
wr a 2 — - - ———_ 
or) 10 100 


0.1128 x(100° F- 50° F) 100 
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0.1128 x 50° F 
ae x I 
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5.640” 
= XI 
10 


= 0.564” or %” 
Figure 20-17. The expansion and contraction of a 
copper pipe can be calculated using this formula. 
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Expansion (High temp. — 
Change in coefficient * Low temp.) Length (’) 
= eo XX 
LU 10 100 
0.1128 x(150° F - 50° F) 100’ 
j 10 * 100 
0.1128 x 100° F 
Se | 
10 
= 11.28 ae 


= 1.1287 of 1%” 


Figure 20-18. The example of copper expansion and 
contraction illustrates how increasing the change in 
temperature also increases expansion and contraction. 


problem if movement is restricted at both ends 
of the pipe run. 

Whenever it appears that expansion and 
contraction could be a problem, an expansion 
loop should be installed near the center of the 
run of pipe. The minimum size of the expan- 
sion loop depends on the amount of thermal 
expansion and the diameter of the pipe being 
installed, Figure 20-19. 


d 
| 

| 
| 
A 
| 

| 

| 

| 
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The length of each leg of the offset should be 
approximately equal. 


Developed Length of Expansion Offsets (A) 


If the estimated expansion for a %” copper pipe is 1%”, 
the developed length (A) of the expansion loop should be 101” or more. 
Figure 20-19. This table can be used to determine 
what the developed length of a copper expansion off- 
set should be. (NIBCO Inc.) 
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Measuring Copper Pipe 
and Tubing 


Face-to-face measurements are frequently 
more convenient when pressure fittings are 
being installed. Appropriate allowances for 
fitting socket depth are shown in Figure 20-20. 
When it is necessary to use center-to-center 
measurements, the laying length of copper 
pressure fittings is needed, Figure 20-21. 


Cutting Copper Pipe and 
Tubing 


Copper pipe and tubing should be cut with 
a tubing cutter. Slowly rotate the tubing cutter 
around the pipe. Tighten the cutter “4 to % turn 
with each revolution of the tube cutter until the 
pipe is cut. Ream the cut end of the pipe to 
remove the burr produced in cutting the pipe. 


Joining Copper Pipe and 
Tubing 


The process of joining solder fittings to 
copper pipe with solder involves: 


Socket Allowances 
for Copper Fittings 


Figure 20-20. Make allowances for these socket 
depths when measuring copper pipe. 


Ex 


| 
T S 
| Coupling — 


XN 
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tings is given in this table. (NIBCO Inc.) 


e Cleaning the pipe and fitting. 
e Applying flux to the end of the pipe and to 
the inside of the fitting socket. 
e Heating the joint. 
e Applying an appropriate amount of solder. 
e Cooling the joint. 
Code requires that lead-free solder be used. 
For additional information, see Chapter 9. 


i ŘĖŮŮĖ 


History Briet 


Evidence of soldering has been found in 
Mesopotamian ruins. It has been determined 
that the soldering was done in approximately 
4000 B.C. 


Supporting Copper Pipe 
and Tubing 


Horizontal runs of copper pipe should be 
supported every 4’ to 6’ with copper or plastic 
pipe hangers. Vertical runs of pipe should be 
secured to maintain alignment. 


Installing PEX Pipe 
and Fittings 


Installing PEX differs in several ways from 
installing rigid pipe such as PVC, CPVC, and 
copper: 


e Measurements can be less precise. 


e Because PEX is flexible, bends can often be 
made without the need for ells. 


e Joints are made with crimp rings and a 
special crimping tool. 

e Because PEX is flexible, horizontal runs 
tend to sag even when the correct number 
of straps are installed. 


PEX is available in colors. It is helpful to use 
different colors for hot and cold water lines. 
Also, some manufacturers make straight 
lengths of PEX that are useful when a short 
length of tube needs to be installed. Different 
brands of PEX tube, fittings, and crimp rings 
may not be interchangeable. Therefore, it is 
important to install all components from the 
same manufacturer. 


Thermal Expansion and 
Contraction 


PEX expands and contracts approximately 
1” for every 100’ of tube for every 10°F change 
in temperature. This is nearly three times the 
expansion and contraction rate of PVC. There- 
fore, it is essential that provisions be made for 
expansion and contraction. Several techniques 
of providing for expansion are shown in 
Figure 20-22. When an expansion loop is 
installed in a wall cavity or between floor joists, 
it is important that adequate space remains 
around the loop so that it will not bind. 

When PEX passes through openings in the 
frame, it is recommended that sleeves be 
installed to prevent wear on the tubing that 
results from the expansion and contraction 
movement of the pipe. If PEX is installed in 
metal studs, it is absolutely essential that 
sleeves be installed. The tube is, otherwise, 
likely to be cut. 
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Figure 20-22. Loops and offsets are effective means 
of allowing PEX to expand and contract. 


Measuring PEX 


Installing PEX tube is more like installing 
electrical wire than plumbing pipe. Take care 
when uncoiling PEX not to kink the tube. Once 
uncoiled, run the tube through the framing to 
the point where one end can be connected to a 
stub-out or other fitting. Make the connection 
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and work backward along the run to establish 
bends and secure the tube to the frame of the 
building. When at the point where the next 
fitting is to be installed, cut the tube and install 
the fitting. This greatly reduces the need to use 
a rule. 


PEX was developed in the late 1950s by 


scientists working on the molecular structure | 
of polyvinyl chloride to produce a more heat | 
resistant product. Three different manufactur- | 
ing processes have been developed for PEX. | 
All three produce materials that are approved | 
for plumbing. | 


Making Bends in PEX 


A major concern when bending PEX is how 
small of a radius it can bend without causing 
the inside of the tube to begin closing. The rule 
of thumb is that the bend should not be smaller 
than 8 times the actual outside diameter of the 
tube, Figure 20-23. 


Bend radius 


Tram A 


Figure 20-23. Bends in PEX tube should not be smaller 
than shown in this table. 
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Figure 20-24. Bend supports maintain the correct 
bend radius and relieve stress on fittings. 


Special bend supports, Figure 20-24, are 
available to hold the tube in the correct radius 
bend. The bend support also eliminates much 
of the pressure that would otherwise be placed 
on the fitting by the tube’s natural tendency to 
straighten. If a smaller radius bend is required, 
an ell must be installed. Larger radius bends 
can be secured with straps near each end of 
the bend. 


Cutting and Joining PEX 


1. Cut the PEX tube to the desired length. A 
tube cutter makes achieving a square cut on 
PEX tube very easy. See Figure 20-25. 


2. Once the tube is cut, a crimp ring is slipped 
onto the tube. 

3. Insert the fitting inside the tube 

4. Use the crimping tool to secure the crimp 
ring. 

5. Check every crimp ring with a crimp gauge to 
determine if it has been sufficiently crimped. 
If the gauge will not slip over the ring, the ring 
and fitting must be removed and new ones 
installed. Recrimping does not work. 


1. Cut tubing square and remove burrs. 


3. Insert fitting into tubing all the way to the 
shoulder. Position crimp ring %” to 4” 
from end of tubing. 
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2. Slide crimp ring on tube. 


4. Position jaws squarely over the crimp 
ring. Crimp the ring by completely closing 
the jaws of the crimping tool firmly. Check 
the crimp ring with the gauge. 


Figure 20-25. Care must be taken when installing PEX fittings. (NIBCO Inc.) 


Some manufacturers use fittings that are 
installed by first expanding the end of the tube 
with a special tool. The fitting is inserted and 
the PEX contracts around the fitting. The crimp 
ring is installed in the same way as shown in 
Figure 20-25. 


Supporting PEX 


It is recommended that horizontal runs of 
PEX be supported every 32”. Vertical runs 
should be secured at least every 5 feet. Local 
code may include more stringent support 
requirements. 
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Test Your Knowledge . The first step in the process of joining 
‘plastic pipe is to the pipe and fitting. 
Write your answers on a separate sheet of paper. iS dem 
Do not write in this book. = 
: l k tt 
4.) Installation of all piping within the walls, B. apply solvent cement to 


7: oe A ; Ik 
z so and ceilings of a finished building is = pe sein eee 


; 8. When making cemented connections in 
A. first rough aa hat ü 
Bee me isnen plastic piping, what practice ensures even 
: distribution of the solvent cement? 


Seog A. Cleaning the inside of the fitting. 
second rough S IRUN ae 
a B. Twisting the fitting “4 turn as it is 
2: en measuring to determine the length of e diled 
pipe required to connect two fittings, the C. Applying a thick coating of cement on 
method that requires an allowance be made rea Ae o 
for laying length is wa ae T 
` D. Applying a thick coating of cement on 

A. center-to-center he oad Gren 
B. face-to-face eens eae 

‘ 9.The plumber can be assured that a 


C. shoulder-to-shoulder 
D. None of the above. 
3. Water hammer arrestors should be installed 
near the stub-out for fixtures or appliances 10 


cemented plastic pipe joint is correctly 
made if a(n)__ of cement forms completely 
around the fitting. 

. If the face-to-face distance between a '4” 


T w valves. copper ell and a 4” copper tee is 6%”, the 
B. T length of the connecting copper pipe is 
G. compression A G” 
D. quick-closing B. 7” 
4. If the outlet of a T/P relief valve is nomi- e, 
3" : : e_o : Cc. Tals 
nally %”, the discharge pipe joined to it D. 7%” 
a SE 11. The minimum recommended bend radius 
B 1” in PEX is times the outside diameter 
c yr of the tube. 
D X” A. 18 
© When facing the location of a fixture, the A A 
hot water pipe should be installed the D 8 
ld wat ipe. a 
ia eee 12. Horizontal runs of PEX should be 
B. to the right of supported every inches. 
C. above a 
D. below C 39 
6. If the face-to-face distance between a %” D. 48 


CPVC tee and a %” elbow is 18”, what 
length of %4” CPVC pipe is required to prop- 
erly connect the two fittings? 

A. 19” 

B 1 

C IA 

D. 107 


Suggested Activities 


1. Working as a group, make a set of sample 
water supply pipe assemblies with each of 
the different types of pipe and fittings 
commonly used in your area. Each of these 
completed exercises should be capped and 
fitted with adapters so they can be tested 
using standard procedures. 

. Ina model framed structure, while working 
in small groups, install the water supply 
piping for a kitchen, utility room, or bath- 
room. The completed piping system should 
be tested using the testing procedure(s) 
practiced in your community. 

. Calculate the thermal expansion or contrac- 
tion of one or more of the piping installa- 
tions listed in the next column and make a 
dimensioned sketch of an expansion loop 
for the installation. 
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50’ straight run of %” CPVC pipe 
installed at 45°F and expected to carry 
hot water at a temperature of 155°F. 

75 straight run of %” PVC pipe installed 
at SOE amdiexpesed to 1203Ruin a 
building that is not climate controlled. 
30’ straight run of %” PVC pipe installed 
at 105°F and exposed to 35°F before the 
building is completed. 


. 40’ straight run of %” copper pipe 


installed at 10°F and expected to carry 
hot water at 145°F. 

50’ straight run of %” copper cold water 
pipe installed at 20°F and in a building 
where the temperature is not expected 
to exceed SUE: 
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Pipe hangers are used on this large-diameter water supply piping to help maintain alignment and prevent sagging. 


Supporting and 
Testing Pipe 


Objectives 


Supporting and testing piping systems requires 
special knowledge and skill. The tools used for 
these operations are also somewhat different 
than those used for other plumbing tasks. 


After studying this chapter, you will be able to: 


e Install the appropriate supports for typical 
residential and light commercial piping 


systems. 

e Install anchors in concrete and masonry 
walls. 

e Test both DWV and water supply piping 
systems. 


Technical Terms 


Pipe straps Rotary hammer drill 
Riser clamps Masonry bits 
Stud-type anchors Rotary hammer drill 
Lag shields bits 

Caulking anchors Test plugs 

Toggle bolts Water test 

Plastic anchors Hydraulic test pump 
Self-tapping anchor Air testing 


Both DWV and water supply piping must 
be supported both horizontally and vertically. 


Horizontal supports: 
e prevent sagging. 


e maintain alignment of both DWV and 
water supply piping. 

e maintain the fall of DWV piping. 

Vertical supports: 

e maintain alignment. 

e support the weight of piping systems. 


Some of the needed supports are installed 
as the pipe and fittings are put in place. 
However, it is necessary to recheck the entire 
installation near the end of the second rough 
stage to ensure that all the needed supports are 
in place and securely fastened. 


supporting Pipe 


The requirements for supporting pipe and 
fittings are outlined in Chapters 19 and 20. The 
focus of this section is to describe the devices 
commonly used to support pipe and the 
fasteners that are available to secure pipe 
supports. The chart presented in Figure 21-1 
summarizes the recommendations for spacing 
pipe supports. If local code requirements 
exceed these recommendations, it is necessary 
to follow the code. 
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Plastic DWV 
Plastic, rigid 


Plastic, flexible 

Copper, 1%” & smaller 
1%” & larger 

Galvanized steel, %4” & smaller 
1” & larger 


Cast iron, 5’ lengths & fittings — 
10’ lengths 


Code Note 


Plumbing code requires that piping be 
supported to maintain alignment, prevent 


sagging, and to allow for expansion and ` 
contraction. — . 


Pipe Hangers and 
Supports 


The size and weight of the pipe, the mate- 
rial from which it is made, the position in 
which it must be supported, and the material to 
which the hanger or support is attached are 
important factors in the selection of pipe 
hangers and supports. Manufacturers provide 
information on the rated capacity of each 
support they market. 

Copper pipe and fittings can be supported 
horizontally in a variety of ways, including 
Wire pipe staples, pipe clamps, or plumber’s 
tape. See Figure 21-2. Pipe straps are generally 
used for vertical support. Pipe straps, pipe 
brackets, pipe clamps, and hooks are made in 
sizes to fit different diameters of pipe. When 
supporting plastic pipe, hangers that permit 
expansion and contraction movement should 
be used, Figure 21-3. These hangers are 
designed to prevent abrasion of the plastic 
pipe. Generally, the part of the hanger that 
touches the pipe is made of plastic or coated 
with plastic. Plastic plumber’s tape is also 
available. 


j -Center of each story . 
Center of each story 
Center of each story 


Center of each story 
Center of each story 
15’ 

15° | 
At base plus every 15” 
At base plus every 15’ 


Joists 


Strap iron support 


Pipe bracket 


A 


Pipe strap 


Wire pipe staple 


Figure 21-2. Copper pipe can be supported using a 
variety of devices. (NIBCO, Inc.) 


Pipe straps: Vertical support for copper pipe and 
fittings. 
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Figure 21-3. Plastic pipe should be supported with plastic or plastic coated supports. 


Large diameter and heavier pipes require 
greater support. Long horizontal runs of DWV 
piping must be supported in a way that main- 
tains a constant slope. Examples of the types of 
hangers frequently installed to support DWV 
pipe horizontally are shown in Figure 21-4. Each 
of these hangers is available in a variety of sizes. 
Threaded rod or metal straps are used to attach 
the hangers to the building frame. Brackets can 
be fabricated from prepunched channel when it 
is necessary to support several parallel runs of 
pipe, Figure 21-5. Special clamps or U-bolts are 
used to attach the pipe to the channel. 

Supporting the weight of DWV vertical 
pipe is accomplished by securing riser clamps 
at each floor level. These clamps transfer the 
weight of the pipe to the structure’s floor 
frame, Figure 21-6. In addition to supporting 
the weight of the vertical pipe runs, it is neces- 
sary to clamp the pipe to the building frame at 
appropriate intervals to prevent excessive 
movement. The devices shown in Figure 21-7 
are commonly used for this purpose. 


Securing Pipe Hangers and Supports 

Nails and screws are used to secure pipe 
hangers and supports to wood-framed struc- 
tures. Buildings constructed with steel and/or 
concrete frames require the use of different 
devices to attach the hangers and supports. 


Riser clamps: Supports of DWV vertical pipe that 
transfer the weight of the pipe to the structure’s floor 
frame. 


Swivel loop hanger Clevis hanger 


Malleable iron 
hanger 


Clevis hanger with 
insulation shield 


ON 


Wall bracket 


Figure 21-4. Pipe hangers are available in a variety of 
styles. (Modern Hanger Corp.) 


Double bolt hanger 


Code Note 
Plumbing codes often specify the maxi- | 
mum spacing of both horizontal and vertical 
pipe supports. In the case of flexible tube, | 
like PEX, the code may state that the manu- | 
facturers specifications be followed for 
installing supports. 
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Tubing clamps 


D 
RO 


Prepunched channel Channel clamp 


Figure 21-5. A channel is often used to make pipe 
supports for parallel pipe runs. 


Stack 


Riser clamp 


Figure 21-6. A riser clamp should be used at every 
floor level to ensure that each floor supports part of 
the weight of multistory stacks. 


In steel-framed buildings, clamplike devices 
are often used to attach hangers for smaller 
pipes, Figure 21-8. Brackets made of channel 
or angle iron may be bolted or welded to the 
steel frame. 

Anchors that are installed in concrete are 
available in many types and sizes. The amount 
of weight they hold is largely dependent on the 
diameter of the bolt or stud and the depth they 
are embedded into the concrete. Some designs 
use a hex head bolt, others employ machine 
screws with various head styles, Figure 21-9. 


Pipe clamp ; 
Figure 21-7. Vertical runs of water supply pipe need to 
be secured to the building structure. 


E 3 


Beam clamp 


Pipe strap 


l-beam clamp 


Steel “C” clamp 


Figure 21-8. Beam clamps attach to structural steel 
and secure a variety of pipe hangers to the structure. 
(Modern Hanger Corp.) 


Anchors that embed threaded studs into the 
concrete use nuts to secure objects to the 
concrete. Stud-type anchors are advantageous 


Stud-type anchors: Anchors installed in concrete that 
are advantageous if it is necessary to remove the 
object that is anchored, because it is easier to remove 
and reinstall the nut rather than machine screws or 
machine bolts. 


Bracket 


Hex head 
bolt ‘NX 


Concrete 


Hex nut 


Concrete 


Stud 
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Slotted, Phillips, 
or square drive 
round head 
machine screw 


Concrete 


Bracket 


Bracket 


Figure 21-9. Concrete anchors may use hex head bolts, machine screws, or hex nuts to secure objects. 


if it is necessary to remove the object that is 
anchored, because it is easier to remove and 
reinstall the nut rather than machine screws or 
machine bolts. 

Another feature that differentiates anchors 
is the diameter of the hole that must be drilled 
in the concrete, compared to the diameter 
of the hole in the item to be anchored. See 
Figure 21-10. Anchors that pass through the 
hole in the object being anchored are easier to 
align. The holes in the object being mounted 
can be used to guide the masonry bit. This is 
particularly helpful when two or more anchors 


Bracket 


Anchor must 
be installed 
before bracket 
is put 

into position 


must be installed through the same object. 
Once the first anchor is in place, the second 
hole can be drilled using the predrilled hole in 
the bracket to guide the drill. Given that rocks 
in concrete have a tendency to cause the drill to 
shift, this practice can save time and improve 
the accuracy of installing anchors. 

When using anchors that require a larger 
diameter hole, it is often best to install the 
anchor before drilling the holes in the object to 
be anchored. This allows the holes to be located 
in the object to be adjusted, so that the object 
being anchored is in the correct position. The 


Anchor passes 
through hole 
in bracket 


Figure 21-10. Some anchors must be installed before the bracket is put in place. Others can be installed by 


drilling through the hole in the bracket. 
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procedure described in Figure 21-11 can be 
used if, for example, anchoring a wooden block 
to a concrete wall to provide a place to secure 
faucets for a washing machine. This ensures 
that the board is level, even if the anchor holes 
shift during the drilling operation. 

Anchors that are installed in cured con- 
crete and in masonry structures are shown in 
Figure 21-12. They are secured to the concrete 
or masonry by a wedge action that expands the 
diameter of the anchor after it is inserted in the 


drilled hole. The expanding sleeve anchoring 
mechanism permits the anchor to be the same 
size as the diameter of the drilled hole. Install 
these anchors by drilling the correct diameter 
and depth hole, inserting the anchor, and tight- 
ening the bolt, screw, or nut. 

An advantage of using lag shields, 
Figure 21-13, as opposed to caulking anchors, 
is that lag shields do not have to be positioned 
as accurately. 


1. Use a level to lay out 
top edge and one end 

of the board on the wall 
and mark the location of 
the holes for the anchors 
on the wall. 


2. Drill holes and insert 
anchors. Note that the 
anchors are not centered 
on the original marks. 


3. Disregard the original 
layout of the holes and 
transfer measurements 

A, B, C, and D from the 
wall to the board. Note 

that A, B, C, and D are 
measured from the center 
of the anchors to the layout 
lines for the top and left end 
of the board. 


Layout line for 
left end of board 


| Anchors inserted in AM 
A 


Location of top edge of board 


| — of holes for _— | 


Location of left end of board 


Concrete wall 


Layout line for 
top edge of board 


drilled holes 


Concrete wall 


Figure 21-11. This layout procedure allows correcting for the drift that often occurs when drilling concrete. 


2. Drive anchor, with plug in bottom, through material to be 
fastened. 


3. Expand anchor by driving anchor over plug with hammer. 


Self-drilling Anchor 


1. Using the anchor as the drill bit, drill hole until chuck 
holder is flush with surface of concrete. Remove 
anchor from hole and clean out anchor and hole. 

2. Insert plug in anchor. Expand anchor by reinserting it 
into hole and driving it in until chuck holder is flush 
with the surface of the concrete. Snap off cone. 

3. Bolt the object to complete the installation. 
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Sleeve 


1. Use a bit whose diameter is equal to the anchor. Drill 
hole to any depth exceeding minimum embedment. 
Clean hole. 

2. Insert assembled anchor into hole, so that washer or 
head is flush with materials to be fastened. 

3. Expand anchor by tightening nut or head 2-3 turns. 


Full Thread Sleeve 


1. Use a bit whose diameter is equal to the anchor 
diameter, drill hole to any depth exceeding minimum 
embedment. Clean hole. 

2. Assemble anchor with nut and washer so that the top of 
the nut is flush with the top of the anchor. Drive anchor 
through material to be fastened so that nut and washer 
is flush with surface of material. 

3. Expand anchor by tightening nut 3—5 turns. 


Can Install through Bracket 


Insert 


1. Drill hole to anchor diameter. Clean hole. 

2. Place plug snug in anchor. Drop in hole and expand 
anchor with a few blows of hammer on setting tool until 
flush or slightly below flush with the concrete surface. 

3. Insert bolt and secure item being installed. 


1. Drill hole the same diameter as anchor being used. 
Clean hole. 

2. Drive anchor flush with surface of concrete. 

3. Expand anchor with setting tool. Anchor is properly 
expanded when shoulder of setting tool is flush with top 
of anchor. 


Installed before Bracket Is Put in Place 


Figure 21-12. Follow the procedures given to install these six types of anchors. (ITW Ramset/Red Head; Phillips 


Drill Co.) 
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Tv ee. 
1. Drill hole 1⁄4” deeper than anchor length and insert 
shield flush to surface of masonary. 
2. Insert lag bolt or screw and tighten to expand anchor. 


Figure 21-13. The lag shield requires a relatively large 
diameter hole compared to other anchors of similar 
holding power. (ITW Ramset/Red Head; Phillips 
Drill Co.) 


Installing a Lag Shield 


To install a lag shield: 

1. Drill a 4” diameter or larger hole, depending 
on the size of the anchor, into the concrete 
or masonry. 

2. The depth of the hole should permit the 
shield to be inserted flush or slightly below 
the surface. 


3. Clean the hole. 
4. Insert the lag shield. 


5. Insert and tighten the lag bolt. The shield 
expands and grips the concrete firmly. 


Caulking anchors provide a fastener that is 
permanently attached to the concrete or 
masonry. See Figure 21-14. They are internally 
threaded to accept machine screws and bolts. 
The caulking tool is specially made, allowing 
the lead to be driven firmly into concrete 
without damaging the internally threaded 
cone-shaped nut. 

Toggle bolts, Figure 21-15, are useful when 
attaching pipe hangers to hollow masonry 
units. A spring opens the wings on the inside 
of the cavity, making it possible to tighten the 
screw. Note that the bolt must be long enough 
so the wings can swing free after the bolt is 
pushed through the hole. If it becomes neces- 
sary to remove the toggle bolt, the wings will 
be lost inside the wall. 
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Caulking 
tool 


Lead sleeve 


Internally 
threaded 
conical nut 


1. Drill hole; insert and expand anchor with caulking tool. 
2. Tighten bolt. 


Figure 21-14. Caulking anchors have good holding 
power, but they must be installed before the object 
being mounted is put in place. (ITW Ramset/Red 
Head; Phillips Drill Co.) 


1. Drill hole large enough 
to permit closed wings 
to be inserted. 


2. Insert bolt through hanger 
before threading toggie on 
bolt. Squeeze toggle wings 
together and insert in 
predrilled hole. 


3. Tighten bolt. Spring wings will 
snap open after insertion. 


Figure 21-15. Toggle bolts can be installed in hollow 
masonry units and in other walls that are hollow. 


Lag shields: Type of anchor that does not have to be 
positioned as accurately as caulking anchors. 


Caulking anchors: Anchors that provide a fastener 
that is permanently attached to the concrete or 
masonry. 


Toggle bolts: Used when attaching pipe hangers to 
hollow masonry units; wings open on the inside of the 
cavity, making it possible to tighten the screw. 


Plastic anchors, shown in Figure 21-16, 
have become increasingly popular. They can 
generally be installed in a smaller hole than lag 
shields, caulking anchors, or toggle bolts. 
Plastic anchors do not have as much holding 
power as other masonry anchors. They are, 
however, adequate for many installations 
where small diameter pipes are suspended 
from hangers. 

A self-tapping anchor does not require an 
insert and threads directly into concrete, brick, 
or concrete block. See Figure 21-17. These 
anchors are useful for light-duty applications. 
A special tool permits one drill/driver to be 
used to drill the hole and drive the anchor 
without removing the drill bit from the 
drill/ driver. 


History Brief 
The first portable electric drills were 
expensive, large, and cumbersome to use. 


Black and Decker introduced the first pistol 

grip portable electric drill in 1916. The drills 

we use today are modeled from this original 
| innovation. 


2. Fasten fixture by inserting 
screw through fixture and 
tightening. 


1. Drill hole 4” deeper than 
anchor length and insert 
anchor until flange is flush. 


Figure 21-16. Plastic shields are generally easier to 
install because they require smaller diameter holes for 
installation. 


Plastic anchors: Anchors that can generally be 
installed in a smaller hole than lag shields, caulking 
anchors, or toggle bolts. They do not have as much 
holding power as other masonry anchors. 
Self-tapping screw: An anchor that does not require 
an insert and threads directly into concrete, brick, or 
concrete block, useful for light-duty applications. 
Rotary hammer drill: Used to drill 2” or larger diam- 
eter holes with less effort on the part of the 
operator. 
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1. With sleeve off and drill bit 
exposed, drill pilot hole 1⁄4” 
deeper than recommended 
anchor embedment. 


2. Snap in proper anchor socket 
onto end of sleeve. Slide drive 
sleeve over drill bit. 


" aj 3. Insert head of Tapcon® anchor 
into hex or Phillips socket. 


__|4. Put point of anchor into 

| predrilled hole and drive until 
anchor is fully seated. 
Figure 21-17. Self-tapping anchors can be used in 
concrete and masonry to support light loads. (ITW 
Ramset/Red Head) 


Drilling Holes in Concrete and Masonry 
Drilling holes in concrete requires the use of 
an electric drill or rotary hammer drill with 
masonry or rotary hammer drill bits. For 
smaller diameter holes, a conventional corded 
or cordless drill is sufficient, Figure 21-18. 
While it is possible to drill ⁄” or larger diameter 
holes with a typical electric drill, a rotary 
hammer drill does the job more quickly and 


Figure 21-18. A corded or a cordless portable electric 
drill can be used to install smaller diameter concrete 
anchors. (Milwaukee Electric Tool Corp.) 
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with less effort on the part of the operator, 
Figure 21-19. The hammer action (rapid vibra- 
tion) combined with rotation cuts concrete 
much faster than rotation only. 

Masonry bits, Figure 21-20, are available in 
sizes from %” to %” in diameter. Rotary hammer 
drill bits, Figure 21-21, are available in diame- 
ters of %” to more than 1%”. Each diameter is 
also available in different lengths. Not all 
hammer drills use the same type of chuck. 
Some use straight shank bits, while others 
require tapered or spline shank bits. Therefore, 
it is necessary to check the manufacturer’s 
recommendation and select bits with the 
correct type of shank. 


Inspecting and Testing 
Piping Systems 


After all drainage and water supply piping 
has been installed, a rough-in inspection is 
required. The person to whom the building 
permit was issued must contact the plumbing 
inspector to initiate this process. (See Chapter 8 
for additional information.) Generally, this 
inspection involves a water or air pressure test 
of each of the piping systems to ensure that all 
joints are sealed. 


Figure 21-19. A rotary hammer drill is very effective in 
drilling holes in concrete. (Milwaukee Electric Tool Corp.) 


Figure 21-20. Masonry bits generally have straight 
shanks. (Milwaukee Electric Tool Corp.) 


Figure 21-21. Several different types of shanks are used 
for rotary hammer drills. (Milwaukee Electric Tool Corp.) 


The plumber is required to furnish all the 
equipment necessary to conduct the tests. This 
includes test plugs, Figure 21-22, and a source 
of compressed air, if air testing is required. 
Water testing can be done with test plugs and a 
hose. Both water supply piping and DWV 
systems can be tested using compressed air or 
by filling the system with water under pres- 
sure. Check local code to determine the type of 
test that must be conducted. The procedures 
for water and air testing are described in the 
following sections. 

It is a good idea to conduct the tests before 
calling the inspector, as leaks can be fixed 
before the official inspection. If a second 
inspection is required, there is likely to be a 
delay due to scheduling with the inspector. In 
addition, an extra fee may be charged for the 
additional inspection. 


Water Testing 


To conduct a water test of the DWV system, 
close all the openings with caps, plugs, or test 
plugs except the vents above the roof. A 
minimum of 10’ of water head must be used to 
water test DWV piping. This means that water 
must rise 10’ above the highest trap in the 
DWV piping system. Generally, this can be 


Masonry bits: Bits available in sizes from %” to 4” in 
diameter. 


Rotary hammer drill bits: Bits available in diameters 
of %:” to more than 1%”, also available in different 
lengths.. 


Test plugs: Used to seal openings in the piping system 
to conduct air and water tests. 

Water test: Test that involves closing all outlets, filling 
the system with water from the main, and visually 


inspecting the system to locate leaks and other poten- 
tial problems. 


Handwheel for 
expanding 
lower rubber 


T Test Plug with 
Water Connection 


Short Pattern Test Plug 


Wing nut for expanding 
top rubber 


er 


4g 
á 
` 


Y-branch Test Plug 
with Water Connection 


Long Pneumatic Test Plug 
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Pipe for filling stack 


Pneumatic Test Plug with 
Inflation Hose 


Single Straight Test T 


Figure 21-22. A variety of test plugs may be used to seal openings in the piping system to conduct tests. 


accomplished by completely filling the vent 
stack. If the water level remains constant for a 
prescribed period of time, the system is free of 
leaks. If the stack does not remain filled, visu- 
ally inspect the system to determine where 
leaks exist. The inspector is also required to 
check the piping systems for such hazards as 
cross connections, defective or inferior mate- 
rials, insufficient support, and poor work. 

To water test the water supply piping, close 
all outlets and fill the system with water from 
the main. Again, visually inspect the system to 
locate leaks and other potential problems. 

Some codes specify water testing at pres- 
sures of 50% higher than is available at the 
water main. A hydraulic test pump, Figure 21-23, 
may be used to produce pressures as high as 
400 pounds per square inch. 


Air Testing 


Air testing is an effective method to detect 
leaks. This test is similar to the water test, 


Hydraulic test pump: Pump that can apply 400 or 
more psi to water-filled piping systems. 


except that the piping system is filled with 
compressed air. A pressure gauge at the test 
plug allows the inspector/plumber to deter- 
mine if there is pressure loss at any point in the 
piping. For DWV piping, a pressure of 5 psi is 
generally adequate. Water supply piping is 
tested at a pressure at least equal to local water 
pressure, or as much as 50% greater than the 
pressure in the water main. Soapsuds are 
helpful in detecting leaks. The suds are 
brushed onto joints and any escaping air 
produces bubbles. 


Figure 21-23. A hydraulic pressure test pump can apply 
400 or more psi to water-filled piping systems. (Rigid) 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


Ale 


The stage of plumbing installation in which 
the water service and sewer are extended 
inside the foundation is known as 


. Horizontal runs of small diameter pipe and 


fittings are generally supported with 
A. pipe clamps 

B. wire pipe staples 

C. plumber’s tape 

D. All of the above. 


. To support the weight of vertical runs of 


pipe, are installed at each floor level. 


. Name three devices that can be used to 


attach pipe hangers to concrete and 
masonry structures. 


. When drilling %” and larger diameter holes 


in concrete, a is generally preferred. 


. The shanks of bits for rotary hammers 


A. are always straight 
B. are always splined 
C. vary by manufacturer 
D. None of the above. 


. Testing of the completed DWV piping is 


required at the end of the stage of 
plumbing installation. 

A. first rough 

B. second rough 

C. finish 

D.Eather A or B. 


. The devices used to close openings in DWV 


piping during testing are called 
i. aps 

B. clean-outs 

C. blocks 

D. test plugs 


10. 


lie 


. Water testing of DWV piping generally 


requires that of water head be used. 


D, 30 

Air testing of the DWV piping generally 
requires that of pressure be applied 
to the piping system. 

A. 5 psi 

B. 10 psi 

C 15apei 

D. 50 psi 

Air testing the water supply piping system 
generally requires that pressure 
greater than the pressure in the water main 
be applied to the piping system. 

10% 

25% 

50% 

. Jone 


S ode 


Suggested Activities 
ie 


Visit a plumbing supply company and 
identify the different types of pipe supports 
they sell. What size pipe can each device 
support? How is it attached to the building 
structure? 


. Visit a hardware or fastener supply com- 


pany and identify the different types of 
anchors they sell. What sizes are available? 
What size hole must be drilled to install the 
anchor? 


. Working in a small group, conduct both a 


water and an air test of a water supply and 
DWV piping system. 


Installing 
Fixtures, Faucets, 
and Appliances 


Objectives 


The chapter details procedures for the finish 
stage of plumbing installation. 


After studying this chapter, you will be able to: 

e Describe and demonstrate proper installa- 
tion procedures for each fixture. 

e Describe and demonstrate proper installa- 
tion procedures for faucets. 

e Describe and demonstrate correct proce- 
dure for making water supply and DWV 
connections for each fixture. 

e Describe and demonstrate proper proce- 
dures for installing appliances such as water 
fountains, icemakers, and humidifiers. 

e Identify the special tools that are needed to 
install fixtures, faucets, and appliances. 


Technical Terms 


Finish stage Strainer wrench 

Water supply tubes Strainer locknut 

Ledge-type wrench 
lavatories Garbage disposal 


Tub/shower valve 
Shower valves 
Strap wrench 
Whirlpool bathtubs 


Ledge-type sinks 

Pedestal-type 
lavatory 

Lugs 


Bidet 

Urinals 

Service sinks 
Water fountains 


Icemakers 
Humidifiers 
Steam generators 


The finish stage of plumbing installation is 
done near the end of the construction process. 
At this point, walls have been painted; cabi- 
nets, vanities, doors, and trim have been 
installed, and the floor covering is in place. 
This means that the plumber must exercise 
caution to avoid damaging any of the other 
finish work. At this point, repairing damage 
can be very expensive. It can cause extended 
delays if, for example, floor coverings or cabi- 
netry must be replaced. 

The focus of this chapter is on installing 
fixtures, faucets, and appliances. All of these 
items will be visible in the finished structure. 
For this reason, you must be careful to 
complete the installation without scratching or 
otherwise damaging any of the plumbing 
components. 

The installation process is described in 
considerable detail. However, you should be 
aware that each fixture, faucet, or appliance 
may have some unique characteristics. Be sure 
to study the manufacturer’s instructions before 
attempting to install any of these items. 
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Lavatory and Sink 
Installation 


The installation of lavatories and sinks is 
very similar. Both require some type of support 
and must be connected to both the water 
supply piping and the drain. There are at least 
five types of lavatories in terms of the way they 
are supported, Figure 22-1. The installation 


procedures for each of these will be described 
in the following sections of this chapter. 


Preparing Openings in 
Countertops 


Self-rimming and rim type sinks and lava- 
tories are designed to be installed in an 
opening in the countertop. Openings in 


Figure 22-1. Sinks and lavatories are supported in five different ways. A—Self-rimming. (The Swan Corporation) 
B—Metal rim. C—Ledge- or wall-mounted. (Kohler Co.) D—Pedestal. (American Standard, Inc.) E—Molded with 


countertop. (Sterling Plumbing Group, Inc.) 
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marble, granite, and solid surface plastic coun- 
tertops for sinks and lavatories are cut by the 
manufacturer of the countertop. Plastic lami- 
nate countertops made with particleboard 
cores are typically installed before the openings 
for sinks and lavatories are cut. If the opening 
in the countertop must be cut, the installation 
directions included with the lavatory or sink 
will give the dimensions for the opening and 
may include a template that can be used to lay 
out the shape of the opening. When doing this 
layout, exercise care to make sure that it is 
accurate. Also, carefully check the location of 
the framework of the cabinet to be certain that 
cutting the opening will not damage the frame- 
work. It may be necessary to shift the opening 
so that rim type lavatories or sinks can be 
secured from below the countertop. Cutting an 
opening in the wrong place will ruin the coun- 
tertop, so this layout needs to be double 
checked before you make any cuts. 

Once the layout is completed and checked, 
the opening can be cut with a saber saw, 
Figure 22-2. Drill at least one hole that is large 
enough in diameter to allow inserting the saber 
saw blade to begin the cut. Drilling a hole at 
each corner will make it easier to turn the 


Figure 22-2. Cut out the sink opening using a drill at 
the corners and a saber saw or portable circular saw 
for straight cuts. 


es 
Finish stage: Stage in which lavatories, water closets, 
sinks, faucets, hose bibbs, showerheads, and plumb- 
ing accessories are installed. 

Water supply tubes: Flexible PVC, braided stainless 
steel, or chrome-plated, soft copper tubing that 
connects the hot and cold water supply to the faucet. 
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corners. Before beginning the cut, check the 
base of the saber saw for burrs or rough spots 
that could scratch the countertop. One way to 
prevent this problem is to cover the base of the 
saw with a piece of thin cardboard held in 
place with masking tape. 

Once the opening is cut, place the lavatory 
or sink in position and check for proper fit. 
Remove the fixture and correct any error in the 
opening size. It is often easier to mount faucet 
and strainer bodies before sinks and lavatories 
are put in place. 


Mounting Faucets 


Faucets are manufactured in a variety of 
styles, Figure 22-3. Always check the manufac- 
turer’s directions and assemble the faucet 
components as described. In general, the 
mounting process for faucets is similar, regard- 
less of the style of the faucet. 

Mounting the faucets before installing the 
lavatory or sink will make it much easier to 
reach the nuts on the underside. After installa- 
tion, there will be little room between the bowl 
and the rear of the cabinet to manipulate tools. 

Select the parts and tools that will be 
needed to secure the faucet to the sink or lava- 
tory and place them where they are in easy 
reach. An open end or adjustable wrench will 
be needed to tighten the nuts that secure the 
faucet to the sink or lavatory. Generally, 
molded plastic gaskets are used to create a 
waterproof joint between the base of the faucet 
and the top of the sink or lavatory. If this is not 
the case, plumber’s putty or silicone caulk will 
be needed. Place the gasket and faucet in posi- 
tion and finger-tighten the nuts. Check the 
position of the faucet and adjust as needed 
before tightening the nuts with a wrench. 

As noted earlier, it is more convenient to 
connect the water supply tubes to the faucet 
before the sink or lavatory is installed. Water 
supply tubes are made from flexible PVC tube, 
Figure 22-4, braided stainless steel, and 
chrome-plated, soft copper tubing. They are 
used to connect the hot and cold water supply 
to the faucet. Figure 22-5 illustrates the installa- 
tion of chrome-plated soft copper water supply 
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Figure 22-3. Numerous lavatory and sink faucet styles 
are available. A—Lavatory faucet. B—Sink faucet. 
(Delta Faucet Co.) 


tubes, which are now less common than the 
PVC or braided stainless steel types. 


Installing Water Supply 
and DWV Adapter 
Fittings 


Before putting the lavatory or sink into 
position, install the adapter fittings for the 


Figure 22-4. Faucet water supply connectors are 
available in either PVC or braided stainless steel, in 
lengths from 9”—30”. (Fluidmaster, Inc.) 


water supply and drain piping at the stub-outs. 
Caps on the hot and cold water stub-outs must 
be cut off and angle valves or adapter fittings 
installed. This will permit the flexible water 
supply tube to be attached. Be sure the water 
supply is turned off. Have a container available 
to catch any water that may come from pipes, 
and towels or sponges to absorb spills. Also, 
cut off the cap on the drain stub-out and install 
an adapter fitting, Figure 22-6, so that the P- 
trap can be joined to the DWV piping. The 
procedures, components, and tools required 
for these tasks will depend upon the type of 
materials used in the piping systems. Refer to 
Chapters 19 and 20 for additional information. 


Hanging Ledge-type Sinks 
and Lavatories 


Ledge-type lavatories and ledge-type sinks 
are hung from the wall. A bracket is anchored 
to the studs, Figure 22-7. Position this bracket 
so that the top of the lavatory or sink is 30” or 
31”above the floor line. Secure the bracket with 
screws. 
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{ a Connecting nut 


Flexible %” tubing 


Cut this end 
to adjust 
length 


Da Compression ring 


Angle 
shutoff 
valve 


Figure 22-5. The water supply connection can be made with flexible tubing using compression fittings. A—Cut 
tubing to length at bottom. Install connecting nut and compression ring. The ring will seal connection when nut is 
tightened. B—Exploded view shows a typical connection for lavatory water supply. 


A 


Figure 22-6. Trap adapters are permanently joined to 
the DWV piping. The joint with the P-trap is made 
watertight with a gasket and nut. A—ABS/PVC trap 
adapter. B—Copper trap adapter. (NIBCO, Inc.) 


In most cases, the weight of the sink or 
lavatory and the piping is sufficient to hold the 
lavatory or sink in place. There may not be any 
fasteners that join the sink or lavatory to the 
bracket. 


Ledge-type lavatories: Type of lavatories that are 
hung from the wall. 

Ledge-type sinks: Type of sinks that are hung from 
the wall. 


Drywall or 
plaster previously 
installed 


Blocking in wall 
to attach lavatory 
or sink bracket 


Lavatory or sink 
bracket attached 
with screws 
extending through 
the wall covering 
into the frame of 
the building. 


Figure 22-7. A bracket is attached to the studs and 
blocking to hold a ledge-type lavatory or sink. 
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Positioning Pedestal 
Lavatories 


The drain from a pedestal-type lavatory 
extends from the bowl of the lavatory into the 
pedestal where the P-trap is connected. The 
outlet of the P-trap extends from the back of the 
pedestal to the adapter at the stub-out of the 
drain. After the lavatory is in place, the only 
access is from the back of the pedestal. There is 
very little room to work inside the pedestal, so 
both the strainer and the faucet should be 
installed before the lavatory bowl is placed on 
the pedestal. 

If the P-trap is loosely connected to the 
strainer tailpiece, you can check alignment 
with the stub-out and make the necessary 
adjustment in the tailpiece. Assemble the P-trap 
and place the lavatory bowl on the pedestal. 
Move the pedestal toward the wall until you 
can insert the P-trap outlet into the stub-out 
adapter. Check to see that the lavatory can be 
positioned the correct distance from the wall. If 
not, the P-trap will need to be modified. Once 
the components are the correct length, reposi- 
tion the lavatory bowl on the pedestal and 
connect the P-trap to the stub-out adapter. 
Tighten the P-trap nuts and connect the water 
supply tubes to the angle valves. Fasten or 
caulk the pedestal to the floor. 


Placing the Lavatory or 
Sink into Position 


Self-rimming and metal-rimmed lavatories 
and sinks are placed in countertops and vani- 
ties. Adhesive caulk is used to seal the joint at 
the countertop. Applying a bead of caulk to the 
underside of the rim of self-rimming units 
before the lavatory or sink is placed into the 
cabinet ensures that the caulk will fill the joint. 
Remove the excess caulk with a paper towel or 
a rag. The weight of the unit and the adhesive 
caulk will often be all that is necessary to keep 
the unit in place. Check the manufacturer’s 
instructions to determine if additional hard- 
ware is needed. Bar sinks are installed in the 
same manner as lavatories. 


The installation process for rim type lavato- 
ries and sinks is somewhat different, because 
they need to be supported while the lugs are 
being installed. Put the sink or lavatory inside 
the cabinet so it can be raised into position after 
the rim is in place. Place a bead of adhesive 
caulk around the outside of the rim and put the 
rim in place. Apply a bead of adhesive caulk to 
the outside top edge of the lavatory or sink. 
Raise the unit into position and secure it as 
shown in Figure 22-8. Install lugs near the four 


i Countertop z X 
A Wood block 


Plumber's 
putty a 


Countertop / A 
B Lugk 


Figure 22-8. Rim-type sinks and lavatories are held in 
place by a rim and lugs. The rim fits around all sides of 
the sink. The flange at the top of the rim conceals cut 
edges of the countertop and carries the weight of the 
sink. A—Cutaway view shows rim and sink in place 
being held temporarily with blocks and wire. B—A lug 
hooks onto rim and the bolt presses the sink tight 
against the rim. 


Pedestal-type lavatory: Lavatory that is mounted on 
a stand. The drain from this type of sink extends from 
the bowl into the pedestal where the P-trap is 
connected. 


Lugs: Devices that pull the rim firmly against the 
countertop and the top of the lavatory or sink. 


Strainer wrench: Tool used to prevent the strainer 
body from rotating. 


Strainer locknut wrench: Tool used to tighten the 
locknut on the underside of the strainer body. 


Garbage disposal: Device that connects directly to the 
sink, replacing the standard basket and strainer, to 
assist in disposing of food wastes. 
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corners of the rim and tighten them enough 
that they will stay in place. Put the remainder 
of the lugs in place. Tighten the lugs so they 
pull the rim firmly against the countertop and 
the top of the lavatory or sink. A Phillips screw- 
driver or a nut driver will be helpful. Remove 
the excess adhesive caulk and dispose of the 
paper towels or rags. 


Fa 


The minimum diameter for a fixture tail- ` 
piece is specified in code. Generally, the mini- | 
mum is 1%” for lavatories and bidets and | 
1%” for sinks, dishwashers, laundry tubs, and | 

bathtubs. | 


| 
{ 


Installing Drainage 
Fittings 


After placing the sink or lavatory in posi- 
tion, install the strainer body. Figure 22-9 illus- 
trates the parts and their location. Plumber’s 
putty is used to seal the joint between the 


Pop-up plug 


Flange 


Clevis 
Overflow 
outlet 
Spring clip 
Pivot rod 
Drain body 


Rubber gasket 
Metal washer 
Locknut 


Tailpiece 


Slip nut 


= “~~ Trap 


Lift rod 
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strainer body and the sink or lavatory. Lay a 
bead of putty at least 4” thick around the sink 
drain opening. Insert the strainer. Press the 
strainer body into position and hold it securely 
while installing the gasket and lock nut on the 
underside of the strainer body. A strainer 
wrench is used to prevent the strainer body 
from rotating, while a strainer locknut wrench 
tightens the nut. See Figure 22-10. If the 
strainer body moves very much during this 
operation, it is likely that the plumber’s putty 
will be disturbed enough that it will not seal 
the joint. If this occurs, remove the strainer 
body and replace the plumber’s putty. 

There will be some squeeze out of 
plumber’s putty around the strainer body. 
Remove the excess putty with a paper towel or 
rag. Dispose of the waste in a way that will 
prevent it from getting on the countertop or 
floor covering. 

Kitchen sinks are frequently fitted with a 
garbage disposal, Figure 22-11, to assist in 
disposing of food wastes. The mouth of the 
garbage disposal connects directly to the sink, 
replacing the standard basket and strainer. 
Installation of this component is the same as 


~ Strainer body 
Rubber A] 


washer 


Locknut “ 


sleeve 
eee i E 
coupling - Tailpiece 
Trap 


coupling 


Figure 22-9. A strainer body and P-trap installation for a kitchen sink. A—Drainage parts. B—Exploded view. 
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Strainer wrench 


Internal wrench 
for lavatory strainers 


Strainer locknut 
wrench 


ms 
Della 
NA 

yeay 


Plug wrench 


All-purpose wrench 


Figure 22-10. Wrenches commonly used to install strainers in lavatories and sinks. 


installing a strainer body. The outlet of the 
garbage disposal is connected directly to the 
DWV piping with slip-joint pipe and fittings. 
The other connection required is the electrical 
hookup for the electric motor. 


History Brief 
Tin snips and a soldering iron were the 
tools that Jonn Hammes used to create the 
first In-Sink-Erator garbage disposal in 1927. 
Hammes established a manufacturing facility | 
at Racine, Wisconsin in 1938. However, it was 
not until after World War Il that the product 
gained wide acceptance by homeowners. 


Next, install the tailpiece and P-trap. These 
assemblies will be either 1%” diameter for lava- 
tories or 14” diameter for sinks. Both chrome- 
plated brass and white PVC plastic are used to 
make these components. Place a rubber or 
plastic washer and a strainer slip nut (threads 
up) over the unflanged end of the tailpiece. 
Then install a P-trap slip nut (threads down), 
and another washer. 

Slide the plain end of the tailpiece into the 
P-trap. Lift the tailpiece against the strainer 
sleeve and loosely attach the slip nut. If the 


tailpiece is too long, it will prevent the P-trap 
from aligning with the drain adapter fitting. 
Measure how much the P-trap must be raised, 
disassemble the parts, and cut the necessary 
amount off the end of the tailpiece. Use a file to 
remove any burrs, then reassemble the parts. If 
the tailpiece is too short, rather than too long, 
install a longer tailpiece or a short length of 
tube to extend the tailpiece. It may also be 
necessary to modify the length of the P-trap 
tube that fits into the drain adapter fitting. 


Figure 22-11. Garbage disposals are designed to fit 
on the drains of kitchen sinks. The mouth of the dis- 
posal attaches to sink drain. (Insinkerator, Inc.) 
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Attach the lower slip nut. Finger-tighten 
both top and bottom slip nuts. Insert the outlet 
end of the P-trap into the adapter fitting at the 
DWV stub-out and finger tighten the slip nut. 
Check alignment and tighten the nuts with a 
wrench that will not mar the chrome finish. 

If a double- or triple-bowl sink is being 
installed, a tee will be needed at the P-trap 
inlet. Short lengths of tube extend from the tee 
to 90° ells, so the tube can be connected to the 
tailpiece extending from the strainer body and 
garbage disposal. 

Lavatory strainers are generally equipped 
with a pop-up stopper linked to a rod that 
extends above the top of the faucet. The 
components of this mechanism will need to be 
joined to the rod, following the manufacturer’s 
instructions. 


Connecting Faucets 


If they are not already in place, install the 
faucets using a basin wrench to tighten the 
nuts. The water supply tubes will also need to 
be attached to the faucet, if this was not done 
previously. 

The hot and cold water supply tubes are 
connected to the left-side and right-side angle 
valves respectively. The flexible PVC and 
braided stainless tubes have a rubber washer in 
the nut to provide a watertight seal at the angle 
valve. If chrome-plated soft copper tubing is 
installed, a compression ring and compression 
nut are required. Refer to Figure 22-6. 


Completing the 
Installation 


Installing the faucet handle(s) must be done 
carefully to prevent scratching the finish. 
Before installing the faucet handles, review the 


EE 
Tub/shower valve: Valve that has a spout to fill the tub. 
Shower valves: Valves that do not have an outlet for 
the tub spout, causing the water to flow only through 
the showerhead. 


manufacturer’s instructions to ensure that the 
parts are assembled correctly. If the faucet has 
two knobs, the one marked cold goes on the right 
side and the one marked hot goes on the left. 

The installation needs to be checked for 
leaks in both the water supply piping and the 
drain. A plastic wash basin placed below the 
P-trap and water supply connections will catch 
any leaks. Make sure the faucet is turned off, 
then turn on the water supply. Open the angle 
valves for the hot and cold water and check for 
leaks. Tighten connections as required. Open 
the faucet and let some water run through the 
drain. Check for leaks at the water supply 
connections to the faucet and at the angle 
valves. Also, check the drain piping for leaks. 
Usually, leaks can be stopped by tightening the 
nut at the leaking joint. If this does not work, 
turn off the water either at the angle valves or 
at the main. Disassemble the leaking joint to 
determine what is causing the problem. Check 
for missing or damaged gaskets, misaligned 
pipe, or foreign objects. 

Once everything is working properly, clean 
the sink and faucet and make certain any water 
that was spilled is wiped out of the inside of 
the cabinet and off the floor. 


Completing Bathtubs 
and Shower 
Installation 


Shower drains are connected to the DWV 
piping during the second-rough. The drain 
assembly for the bathtub may have been 
installed at the same stage. If it was not, this 
work will need to be completed at this time. 
Installation of a shower valve is essentially the 
same as a tub/shower valve. The basic differ- 
ence is that the tub/shower valve has a spout to 
fill the tub. This spout is fitted with a diverter 
valve that forces the water to go through the 
showerhead when it is closed. Shower valves 
do not have an outlet for the tub spout, thus, 
the water flows only through the showerhead. 
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Installing the Tub Drain, 
Overflow, and Stopper 
Assembly 


The drain, overflow, and stopper assembly 
Figure 22-12, is installed by working through 
an access opening cut in the subfloor before the 
tub was set in place. Note that an overflow for 
the tub is provided through the pipe behind the 
plate supporting the stopper lever. When 
installing the stopper assembly, make certain 
that the overflow is open. This will permit any 
excess Water in the tub to flow down the drain, 
rather than flooding the bathroom. 

Plumber’s putty is used to seal the joint 
between the surface of the tub and the under- 
side of the strainer body. Wipe the surface of 
the tub around the drain to remove any dirt. 
Place a %”-⁄” bead of plumber’s putty on the 
underside of the strainer body before installing 
it. The strainer will need to be screwed into the 
body of the drain using a strainer wrench. To 
assure proper alignment, it is a good idea to 
delay final tightening of the strainer until the 
remainder of the components of the drain and 
overflow assembly are loosely joined together. 
Once everything is in alignment, the joints can 


be tightened. Remove the excess plumber’s 
putty. Complete the stopper assembly and 
install the strainer over the drain opening, if 
one is included. 

Check how the P-trap will connect to the 
DWV piping. It may be necessary to shorten the 
DWV piping before installing the adapter 
fitting that will connect the P-trap to the drain. 
Once the adapter is installed, connect the P-trap 
to the DWV piping and the outlet of the drain. 


Completing the 
Tub/Shower Valve 
Installation 


During second-rough, the tub/shower 
valve was secured to the frame of the building 
and connected to the hot and cold water 
piping. To complete the installation, the plastic 
guide must be removed from the valve so the 
handle and trim can be installed. Many 
different styles of tub/shower valves and 
showerheads are available, Figure 22-13. There- 
fore, it is necessary to review the manufac- 
turer’s instructions and complete this work as 
directed. For example, it may be necessary to 


Figure 22-12. Overflow piping for bathtubs is practically the same from one manufacturer to the next. However, 
systems for controlling drainage vary. Two styles are shown here. A—Pop-up stopper. B—Plunger-type stopper. 


(Kohler Co.) 
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Figure 22-13. Tub and shower valves are produced in 
many styles. (Delta Faucet Co.) 


Strap wrench: Tool used to tighten plated pipe 
without scratching the finish. 


adjust the valve to control maximum tempera- 
ture. The procedure for completing this task 
will be described in the manufacturer’s 
directions. 


Installing a Showerhead 
or Handheld Shower 


The stub-out for the showerhead will need 
to be replaced with a plated shower arm. A 
flange is installed to cover the gap between the 
shower arm and the finished wall material. The 
showerhead is attached to the shower arm. An 
alternative is to install a special fitting on the 
showerhead outlet to connect the flexible hose 
for a handheld shower. A pipe nipple of the 
correct length must be installed to join this 
fitting to the FIPT drop ear adapter. This 
adapter was attached to the framing during 
second-rough. To ensure a watertight seal, 
apply Teflon™ tape or pipe joint compound to 
all threaded joints. When tightening plated 
pipe, use a strap wrench, Figure 22-14, to do 
the job without scratching the finish. Apply 
some rosin to the strap to improve the grip. If 
the installation is for a shower valve only, the 
job is ready to be tested at this point. 


Installing the Tub Spout 


To install the tub spout, you must cut the 
stub-out to the correct length, and attach the 
special fitting that is supplied with the spout. 
This fitting permits the spout to be screwed 
onto the stub-out. Refer to the manufacturer’s 
directions for additional details regarding the 
particular spout being installed. 


xa 


Figure 22-14. Applying rosin to the strap will improve 
the grip of a strap wrench. (The Ridge Tool Co.) 
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Checking for Leaks and 
Completing the Installation 


Check all connections to ensure that they 
are tight. Before turning on the water, be sure to 
position a bucket beneath the drain, overflow, 
and stopper assembly in case it leaks. Turn on 
the water and operate the valve while checking 
for leaks. Open the stopper and allow water to 
flow through the drain. Again, check for leaks. 
Tighten any leaking joints and recheck. If this 
does not solve the problem, disassemble the 
component and check for missing or damaged 
gaskets, foreign material, or damaged threads. 
Repair or replace components as needed, then 
reassemble and again check for leaks. Once 
everything is working satisfactorily, wipe out 
the tub or shower base and clean all the 
exposed plumbing components. 


Installing Whirlpool 
Bathtubs 


Whirlpool bathtubs, Figure 22-15, pump 
water and air through jets on the inside of the 
tub. The massaging action can be very relaxing 
to the bather. Whirlpool bathtubs are equipped 
with a compressor and controls to regulate the 
velocity of the water/air coming from the jets. 
The installation procedure is essentially the 
same as for a bathtub. One difference is that the 


Figure 22-15. Whirlpool bathtubs are available in a 
variety of sizes and shapes. (Kohler Co., Inc.) 
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faucet for filling the tub is typically mounted 
on the top ledge of the tub or on the base that 
was built to support the edge of the tub. This 
type of valve/faucet installation is similar to 
the process used for sink and lavatory faucets. 

The whirlpool drain connection is installed 
in the same way as a bathtub drain. Manu- 
facturer’s instructions should be reviewed for 
details. 


Wooden hot tubs, inspired by the 
Japanese ofuro bath, became popular in 


North America in the 1960s. Some models 
were made using oak barrels and vats from 
California wineries. 


Water Closet 
Installation 


Water closets are either wall-hung or floor- 
mounted. The wall-hung units are often 
installed in commercial buildings to make floor 
cleaning easier. Special metal carriers are 
installed in the wall during second-rough to 
support the water closet and provide 
anchorage for the DWV piping. 

Water closets are available in a variety of 
styles, Figure 22-16, so it is necessary to refer to 
the manufacturer’s instructions before begin- 
ning installation. Installation procedures 
discussed in this section apply to most designs, 
but there may be some differences, based on 
the style of the water closet. 


Preparing the Stub-out 


The stub-out must be cut off and an angle 
valve installed before the water closet is put in 
position. Most codes require a valve at the 
water closet stub-out to allow the water supply 


Whirlpool bathtubs: Tubs that pump water and air 
through jets on the inside of the unit. 
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Figure 22-16. Water closets are available in a variety 
of styles and colors. A—One-piece. (Kohler Co.) 
B—Two-piece. (Kohler Co.). C—Wall-mounted. (Eljer 
Plumbingware) 
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to be shut off in case of a malfunction. Before 
cutting the stub-out, be sure that the water is 
turned off. The tools and supplies required for 
this installation will depend upon the type of 
pipe and fittings used for the cold water 


piping. 


Connecting to the DWV 
Piping 

The connection between a water closet and 
the DWV piping system is made with a closet 
flange, Figure 22-17. This flange has slots into 
which closet bolts are placed to secure the 
water closet to the floor. The threaded portions 
of the closet bolts extend upward to receive the 
bowl of the water closet. In addition to 
securing the bowl to the flange, these bolts 
compress the wax or rubber toilet bowl seal to 
make the joint air and watertight. Figure 22-18 
shows a cutaway of a water closet and tank, 
along with illustrations of various parts and 
fittings. 


Installing the Bowl 


To install the bowl, refer to the exploded 
view in Figure 22-19 and proceed as follows: 
1. Place the bowl temporarily over the closet 

flange. Test it for levelness. In new construc- 
tion, floors should be level. However, if the 


Figure 22-17. A closet flange is the connecting piece 
between a water closet trap and closet bend. It is fas- 
tened to the floor with screws. (NIBCO, Inc.) 
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building is older, floors may be uneven. If 
necessary, insert shims to level the bowl. 


2. Lift the bowl off the flange and turn it upside 
down. Fit a rubber or wax toilet bow! seal 
onto the discharge opening. 

3. Position the bowl carefully over the closet 
flange and closet bolts. 

4. Press the bowl toward the floor to force the 
wax seal to form a watertight joint. 


5. Check again to make sure that it is level and 
squarely seated; then install and tighten the 
washers and nuts on the closet bolts. 
Tighten the nuts carefully to prevent break- 
ing the ceramic bowl. Fit covers over the 
nuts to give a finished appearance to the 
installation. 


' The balicock installed in a water closet 
| must provide a means of refilling the trap at 

| the end of each flush cycle. Some ballcocks | 
| have a flexible tube that must be clipped to the | 
| flush valve overflow so that water can enter | | 
| the bow! of the toilet to fill the trap. 
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Figure 22-19. Exploded view shows position in which 
parts and fittings are assembled. 
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Figure 22-18. Water closet fittings and where they are attached. (Chicago Specialty Mfg., Co.) 
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Installing the Tank 


Review the instructions provided with the 
water closet to determine how the tank is to be 
connected to the bowl. The ballcock, flush valve, 
and flush lever may already be assembled. If so 
it is a good idea to check to make sure all con- 
nections are tight. To install the tank and fittings: 


1. Secure the ballcock assembly to the bottom 
of the tank. Make certain that the gaskets 
provide a complete seal around the opening. 

2. Place a spud washer over the water inlet 
hole of the bowl. 


3. Carefully place the tank in position so that its 
opening fits over the spud washer. Press the 
tank into place. Apply pressure carefully so 
that the washer is not distorted. 

4. Secure with tank bolts. Use caution when 
tightening these bolts. Both the tank and 
bowl are ceramic, and they can be broken if 
too much pressure is applied. 

5. Install the float rod and float ball on the flush 
valve if necessary. 


6. Attach the flush lever to the flush valve. 


Connecting the Water 
Supply 


Connect the water supply using a flexible 
water supply tube. These tubes, available in 
PVC or braided stainless steel in lengths from 
9” to 20”, are designed with fittings that attach 
directly to the angle valve and the ballcock 
inlet. A flexible chrome-plated copper toilet 
tank supply tube can also be used to join the 
ballcock to the angle valve. Bend it to the 
correct shape and cut off the end that will be 
fastened to the angle valve if the tube is too 
long. Install a compression nut and compres- 
sion ring. Attach the cut end to the shutoff 
valve and the other end to the inlet of the 
flush valve. 
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Checking for Leaks 


Once the connections are secured, turn on 
the water supply, open the angle valve, and 
allow the tank to fill with water. Check all 
connections from the angle valve to the ball- 
cock for leaks. If tightening the connection will 
not stop the leak, the joint will need to be 
disconnected and the damaged component 
replaced. Exercise caution when attempting to 
tighten connections. Too much pressure can 
cause the ceramic flush tank to break. 

Leaks are also possible at the tank bolts. If 
this joint leaks, be very careful when 
attempting to tighten the tank bolts. It may be 
necessary to install a new washer. 


Adjusting Water Level in 
the Tank 


Once any leaks have been corrected, flush 
the water closet to check for leaks at the toilet 
bowl seal. If careful tightening of the closet 
bolts does not stop the leak, remove the toilet 
and replace the toilet bowl seal. When the tank 
refills with water, check the level. There will be 
a mark inside the tank that indicates how full 
the tank should be when the ballcock shuts off 
the flow. If the water level is above or below 
this line, adjust the float mechanism on the 
ballcock to correct the water level. Some toilet 
valve systems use other types of water level 
adjustment systems. Refer to the manufac- 
turer’s instructions to adjust these mecha- 
nisms. Flush the water closet several times to 
check the water level in the tank and check the 
entire system for leaks. 

Wipe the tank and bowl with a clean rag. 
Also, wipe up any water that is spilled on the 
floor, making certain that the joint between the 
toilet bowl and the floor is dry. Run a bead of 
caulk around the base of the bowl to seal the 
crack between the floor and the bowl. This 
prevents water and dirt from getting under the 
fixture. Remove excess caulk with paper towels 
or a rag. Finally, install the toilet seat, making 
certain that it is properly aligned over the bowl. 
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Bidet Installation 


The bidet (bih-day) is a companion fixture 
to the water closet. It is used for personal 
hygiene in cleaning the perineal area of the 
body. The bidet, Figure 22-20, has long been 
popular in Europe and South America, and it is 
gaining recognition in America. Since it is chair 
height, the bidet is particularly useful for older 
persons or those who are recovering from an 
illness that makes bathing difficult. 

The user sits astride the bidet facing the 
faucets regulating water temperature and rate 
of flow. The bidet is fitted with a pop-up 
stopper that permits the accumulation of water 
in the bowl when desired. Rinsing of the bidet 
is done through a rim flushing action similar to 
a water closet. 

Installing a bidet requires connecting the 
bowl outlet to the DWV piping system through 
a P-trap. This connection is similar to installing 
a lavatory, except that it is done below the floor 
level. Hot and cold water supply lines are 
connected in the same way as a lavatory. 


Urinal Installation 


Urinals, Figure 22-21, are commonly 
installed in public restrooms for men. Since 
they are used frequently, these fixtures are 
usually fitted with flush valves. This eliminates 
the bulk of a water tank. Urinals that extend to 
the floor are installed during second rough. 


Figure 22-20. A bidet provides for additional personal 
hygiene when used in combination with a water 
closet. (Kohler Co.) 


Figure 22-21. Urinals are commonly installed in 
public men’s restrooms. (Kohler Co.; Elkay Mfg., Co.) 


Wall hung units are installed much like ledge- 
type lavatories and sinks. 

Installation of a flush valve is not difficult. 
It is always used in conjunction with a stop 
valve and a vacuum breaker. The stop valve 
will shut off the water supply in an emergency 
as well as regulate the flow of water to the 
flush valve. Both the stop valve and flush valve 
are attached with slip nuts, as shown in 
Figure 22-22. Flush valves are discussed in 
Chapter 15. Most new flush valves are 
equipped with an automatic flush mechanism 
that eliminates the handle on the flush 
valve. 


Bidet: A plumbing fixture designed to facilitate 
washing the perineal area of the body. 


Urinals: Plumbing fixtures that are fitted with flush 
valves, commonly installed in public restrooms 
for men. 


Service sinks: Sinks installed where floor cleaning 
equipment is serviced. Service sinks are typically 
made from stainless steel or cast iron. 


Water fountains: Used to supply sanitary drinking 
water without cooling it. 
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Figure 22-22. Flush valves are found in commercial 
buildings. They supply flush water to water closets and 
urinals. 


Service Sinks 


Both wall-hung and floor-mounted service 
sinks are available, Figure 22-23. These units 
are typically installed in custodian’s rooms or 
other locations where mops and other floor 
cleaning equipment are serviced. Service sinks 
are typically made from stainless steel or cast 
iron. They are fitted with faucets that permit 
attaching a hose to fill mop buckets. 
Installation procedures are similar to those for 
any sink. 


Installing Appliances 


Some appliances that are common in homes 
and smaller commercial buildings require 
connection to the plumbing system. Water 
fountains, icemakers, humidifiers, and steam 
generators are among these appliances. 


Water Fountain 
Installation 


In school buildings, hospitals, office build- 
ings and similar settings, water fountains are 
used to supply drinking water without cooling 
it. Water fountains, Figure 22-24, provide a 
convenient source of sanitary drinking water. 
Water fountains that cool and heat water are 
also available. Fountains are available in a 
wide variety of designs, but nearly all of them 
require a 1%” drain line and %” or %” cold water 
supply piping. 

Connecting the drain is essentially the same 
as connecting a lavatory drain. The water 
supply piping can be run with soft copper 
tubing. Common practice is to install a valve at 
the water supply stub-out, so the water can be 
shut off to service the drinking fountain 
without turning off other water using devices. 


Figure 22-23. Service sinks are generally located in a custodian’s room. (Elkay Mfg. Co.; Eljer Plumbingware) 
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Figure 22-24. Water fountains are installed in many 
public places. (Eljer Plumbingware) 


Icemaker Installation 


Many refrigerators are equipped with 
icemakers that require a %” water supply 
tubing connected to the cold water piping. A 
saddle valve, Figure 22-25, is attached to a 
convenient cold water pipe. Be sure to turn off 
the water before attempting to install the 
saddle valve. Depending upon the type of 
pipe, it may be necessary to drill a small diam- 
eter hole through the wall of the pipe before 
installing the saddle valve. A saddle valve for 
use on copper tubing often is equipped with a 
piercing device that will punch a hole into the 
tubing. The saddle valve and the icemaker inlet 
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Figure 22-25. A saddle valve can be used to connect 
small-diameter tubing to a % or %” water pipe. (Parker 
Hannifin Corp.) 
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at the back of the refrigerator are connected 
with either a soft copper tube or a flexible 
plastic icemaker supply tube. 

If soft copper tubing is installed, brass 
compression fittings are generally used to 
make the connections. Begin at either the refri- 
gerator inlet or the saddle valve. Be sure the 
end of the tubing is cut square and the inside of 
the tubing is reamed to remove the burr. To 
assemble brass compression-type fittings, first 
place the nut on the pipe, followed by the 
compression ring, as shown in Figure 22-26. 
No forming operation is needed. Insert the 
pipe into the fitting and tighten the nut. 

Extend the tubing to the other fitting and 
cut the tube to length. Allow enough material 
so that the end of the tubing can be inserted 
into the fitting. A bender, Figure 22-27, can be 
used to bend soft copper tubing without the 
risk of collapsing the tube. Repeat the process 
described above to complete the connection. 
Turn on the water and check for leaks. 

Brass flare-type fittings sometimes may be 
encountered on appliances. These fittings 
require that a flare be formed on the end of 
the tubing before the joint is assembled. The 
end should be cut square and the inside of 
the tubing reamed to remove any burrs. Be 
sure to slip the nut onto the tubing before 
flaring the end. Place the tubing end into the 
die block, Figure 22-28. Center the yoke over 
the tubing end and turn the cone into the 
tubing, Figure 22-29, to make the flare. 


Compression 
ring a M Nut 


Figure 22-26. Proper assembly of a compression-type 
fitting. The compression ring is squeezed between 
external and internal parts of the fitting, creating a 
water tight seal. 


Icemakers: Features on some refrigerators used to 
make ice. Most require a 4%” water supply tubing 
connected to the cold water piping. 
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Once the flare is formed, the connection 

x P can be completed. The length of the tubing is 
B y then determined. The tube is cut and reamed 
Í N and the nut for the second connection is 
installed followed by flaring and assembly of 
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Figure 22-27. Tube benders aid in bending soft cop- [ii P 


per tubing and reduce the possibility of collapsing the 
tube. (The Ridge Tool Co.) 
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Figure 22-28. Flaring copper tubing. A—Flaring tool ake as : ee — 
and parts. (The Ridge Tool Co.) B—Insert tubing end Figure 22-29. Forming the flare. A—tThe cone is 
flush with top of die block, then use flaring tool to form pressed into the tubing by turning the handle on top of 
the flare. (Imperial Eastman Corp.) the yoke. B—The completed flare. 
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Humidifier Installation 


Humidifiers installed in furnaces also 
require a small tube to deliver the needed 
water to the unit. The installation is essentially 
the same as an icemaker. A saddle valve is 
installed on a cold water pipe and soft copper 
tubing connects the valve to the inlet of the 
humidifier. See the preceding section for addi- 
tional information about working with soft 
copper tube. 


Steam Generator 
Installation 


Enclosed bath and shower stalls may be 
equipped with steam generators, Figure 22-30. 
These units heat water and dispense controlled 
amounts of steam into the stall. Generally, a 
small water supply pipe or tubing is required 
along with at least one pipe and nozzle to 
deliver the steam to the enclosed stall. The 
details of installation will be provided by the 
manufacturer. 


"a s ` ue 


Figure 22-30. A small steam-generating unit may be 
installed in a cabinet or closet. (ThermaSol, Ltd.) 


Humidifiers: Devices installed in furnaces to help wet 
the air. These units require a small tube to deliver the 
needed water to the unit. 


Steam generators: Units that heat water and dispense 
controlled amounts of steam into the bath or shower 
stall. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


I; 


X 


Name the five categories of lavatories 
based on how they are supported. 

A lavatory or sink is used to support 
a ledge-type sink or lavatory. 

A. bracket 

B. hanger 

C. pedestal 

D. post 


. True or False? Kitchen sinks should be 


secured in the countertop before the faucet 
is attached to the sink. 


. True or False? A lavatory or sink strainer is 


connected to the DWV piping with a P-trap. 


. What two tools are used to hold and tighten 


a lavatory strainer? 
A. A strap wrench and a pair of pliers. 
B. A strainer wrench and a strap wrench. 


10. Installation of a bidet is most similar to 


installing a 

A. lavatory 

B. water closet 

C. bathtub 

D. drinking fountain 
11. Urinals are generally fitted with 

valves. 

A. ball 

B. flush 

Ci gate 

D. float 


12. True or False? Icemakers and humidifiers 
can be connected to a water line using a 


saddle valve. 


Suggested Activities 


1. Study catalogs from several plumbing 


fixture manufacturers to learn about the: 


403 


C. A strap wrench and a strainer locknut 


wrench. 


D. Astrainer wrench and a strainer locknut 


wrench. 


6. Hot water is always controlled by the 


faucet handle. 


7. Water closets (toilets) are fastened to the 
floor with closet bolts that are inserted in 


the 

A. floor joist 

B. closet flange 
C. subflooring 
D. closet bracket 


8. To make an air- and watertight seal 
between the closet bowl and the closet 
flange, a wax or rubber toilet bowl 


installed. 
A. washer 
B. adapter 
C. seal 

D. plate 


9. The toilet ballcock is connected to the cold 


water piping with a 

A. shut-off valve and a pipe nipple 
pipe nipple and a toilet tank supply 
closet flange and a toilet tank supply 


Se 


type shut-off valve 


. toilet tank supply tube and an angle- 


A. Variety of sinks and lavatories available 
to determine how installing them 
differs. 

B. Variety of water closets available to 
determine how installing them differs. 

C. Different types of bathtubs and showers 
available and how their installation may 
be different. 


. Study manufacturer’s literature for lava- 


tory, sink, and tub/shower valves to deter- 
mine how their installations differ. 


. Install a lavatory or sink, a water closet, and 


a tub or shower, either in a building or in a 
mock-up building frame. This should be a 
team project. 


. Invite a sales representative to discuss the 


merits of the different types of plumbing 
faucets. 


. Invite a plumbing contractor to discuss 


special problems encountered when 
installing plumbing fixtures. 
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This polyethylene septic tank is easy to install and extremely durable. The inlet and outlet tees, 
gaskets, and manhole covers are installed at the factory. (Hancor) 


Septic Systems 


Objectives 


This chapter describes the construction and 
operation of private waste-disposal systems. 


After studying this chapter, you will be able to: 

e Explain the operation of a simple septic 
system. 

e List the essential materials and describe 
methods used in construction of a septic 
tank and leach field. 

e Describe the construction and operation of 
alternative systems such as the aeration 
waste treatment system and closed systems. 


Technical Terms 


Sanitary sewer Distribution box 
systems Dual leach field 

Septic tank Chamber 

Leach field Aerobic 

Anaerobic Humus 

Sludge Dosing 


Percolation rate 


Recent estimates suggest that more than 
35 percent of new construction in the United 
States relies on septic systems for waste 
disposal. Currently over 25 million septic 


systems process more than 5 billion gallons of 
effluent daily. This chapter will focus on indi- 
vidual septic systems; however, there is 
growing interest in community septic systems 
that serve clusters of buildings. Although they 
are larger in scale, these systems operate on the 
basic principles described in this chapter. 

The first known sewer system was 
constructed more than 5000 years ago by the 
Babylonians. The Romans also built extensive 
sewer systems to remove storm water and 
wastewater (sewage) from their cities. These 
facts emphasize the importance waste disposal 
has been given throughout history. 

Concern for the environment and the need 
to conserve our available water supplies has 
brought renewed interest in waste disposal. 
Any disposal system used must be able to 
render the wastewater harmless to the environ- 
ment before it is discharged. Towns and cities 
across the country have sanitary sewer 
systems. These systems consist of a network of 
sewers that collect waste and transport it to 
sewage treatment facilities for processing 
before it is discharged. The connection of the 
building drain to the sanitary sewer was 
discussed in Chapter 18. This chapter will, 
therefore, discuss only privately owned waste- 
disposal systems of the type in use today. 
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Code Note 

A separate permit is required for installa- 
. tion of an on-site septic system. Results of a 
' percolation test and a plan for the septic sys- 
_ tem are submitted with the permit application. 
` The inspector will visit the site before approval 
_ of the permit. 


Septic System Basics 


Local health officials generally have juris- 
diction over the installation of private onsite 
waste-disposal facilities. These officials are 
responsible for enforcing both federal and state 
laws, plus any local laws that are more restric- 
tive. Their knowledge of the needs in the 
community and their ability to advise the 
contractor of specific requirements make them 
a primary source of information. Information 
in this chapter should be considered as general 
minimum guidelines. The requirements estab- 
lished by the local health department are the 
final authority. Specific permits are required for 
septic tanks and leach field installation. Many 
jurisdictions also require that the work be done 
by specially licensed contractors. Some 
plumbing companies obtain such licenses so 
they can perform this type of work. 


te - 
History Brief 


Louis M. Mouras of Vesoul, France is cred- 
ited with inventing the septic tank in the 
1860's. The first record of a septic tank being 

| installed in the U.S. was in 1876. Early septic 
tanks were not connected to leach fields and 

| the effluent often polluted nearby lakes and 

| streams. | 


How Septic Systems Work 


The essential parts of a private waste 
disposal system are the septic tank and a leach 
field or leach bed. A septic tank is a large 
container, usually made of concrete, where 
bacterial action to treat the waste takes place. A 
leach field is a network of piping with perfora- 
tions or other openings that allows treated 


liquid from the septic tank to diffuse (leach) 
into the soil. The sketch in Figure 23-1 is a 
layout typical of a residential septic system. 
The distances given should be considered only 
as general guidelines. Local conditions and 
requirements will govern the actual distances 
involved. The disposal process follows this 
progression: 

1. Wastewater (effluent) from the building flows 
to the inlet of the septic tank, Figure 23-2, 
through a watertight pipe. A tee or baffle at 
the tank inlet prevents the solids at the bot- 
tom of the tank from being disturbed by the 
incoming flow. 


2. In the septic tank, the organic solids settle 
to the bottom. Bacterial action begins to 
breakdown the waste through an anaerobic 
process. Anaerobic means that the chemical 
process takes place without the presence of 
oxygen (air). 

3. Within the septic tank, there are three 
zones: the sludge (solids) on the bottom, the 
central liquid zone, and a scum layer that 
floats on top of the liquid. The partly clari- 
fied liquid leaves the septic tank through 
the outlet tee. An effluent filter (screen) may 
be used at the outlet to capture any remain- 
ing suspended solid material. 

4. The liquid effluent flows through a sealed 
pipe to the distribution box, Figure 23-3, or 
directly to the leach field. 

5. The wastewater leaves the distribution box 


through a number of outlets leading to the 
leach field. 


Sanitary sewer systems: System that consists of a 
network of sewers that collect waste and transport it 
to sewage treatment facilities for processing. 


Septic tank: A large container, usually made of 
concrete, where bacterial action to treat the waste 
takes place. 


Leach field: A network of piping with perforations or 
other openings that allows treated liquid from the 
septic tank to diffuse (leach) into the soil. 


Anaerobic: A chemical process that takes place 
without the presence of oxygen (air). 


Sludge: Solid waste on the bottom zone of a septic 
tank. 


| 
} 
j 
| 
| 
| 
| 
| 
| 
| 


== Pipe — Watertight joints 
== Pipe — Open joints or 
perforated pipe 
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Figure 23-1. Typical layout for a private waste-disposal system. 


Separate lids can be 
removed for inspection 


Outlet 
baffle 


Partly 


Slud clarified 
ucge tiquid 


Figure 23-2. Waste in a septic tank stratifies into three 
layers: scum floating on top, partly clarified liquid in the 
middle, and sludge or solids at the bottom. 


6. Watertight pipe carries the liquid waste to 
the leach field, which could consist of cor- 
rugated runs of pipe surrounded with grav- 
el, gravelless plastic leaching chambers, or 
gravelless pipe (8” or 10” polyethylene 
wrapped in a geotextile fabric). 


7. Further anaerobic breakdown of the waste 
takes place in the field before the waste 
leaves the piping. 

8. The effluent is absorbed into the surround- 
ing ground or taken-up by plants on the 
surface, thus returning to its source. 


“History Brief | 
Donald Cameron of Exeter, England, is 
credited with giving the septic tank its current 


name in 1885. The Frenchman Mouras had | 
called his invention the “Mouras Automatic | 
Scavenger.” | 


408 Section 3 Plumbing System Design and Installation 
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Knock-out 
B plugs 


Figure 23-3. A distribution box distributes the waste- 
water to the many pipes in the leach field. A—A con- 


crete distribution box typical of older systems. 
B—Newer-style plastic distribution box. (Hancor, Inc.) 


Basic Design 
Considerations 


The list that follows presents some consid- 
erations about the basic design of a private 
waste-disposal system: 


e A leach bed cannot be expected to function 
in swampy areas or where flooding is 
common — the soil is so saturated that 
absorption of additional water is impos- 
sible. If a system were installed in such a 
location, the waste would seep through to 
the surface and produce an unsafe and 
unpleasant situation. An alternative waste 
disposal system such as an aerator or 
lagoon must be employed. 


e The exact size of the leach field depends on 
the number of people in the residence and 
the soil characteristics in the leach field 
area. A modern home produces about 100 
gallons of waste daily for each person 
living in the house. Since the actual number 
of people who live in a home may change 
from time to time, the usual standard is 
based on the number of bedrooms. 


e The rate at which the soil will absorb liquid 
(the percolation rate) is an important 
consideration in the sizing of the leach 
field. Percolation tests are conducted to 
obtain an estimate of the soil’s absorbency. 
The procedures for these tests are specified 
by the local authority and may need to be 
conducted by licensed professionals. 


e Since the leach field is near the surface, it 
must be located where vehicles or other 
heavy loads will not travel over it. 
Plantings over leach beds should generally 
be limited to grass. Larger plants have long 
roots that are attracted to the water in the 
leach field, causing extensive clogging of 
the pipes. 

e The size of trenches and the amount of 
gravel placed in the leach field runs will 
affect the capacity of the system. 
Dimensions will generally be specified by 
county health officials. Typically, the stan- 
dard will specify the depth of the trenches, 
the amount of gravel fill below the leach 
bed pipes, the amount of gravel above the 
pipes, and the amount of undisturbed earth 
between the beds. 


e The slope of the pipes in the leach field runs 
must be great enough to cause flow to 
occur, but only at a slow rate. This takes 
careful planning and may require specially 
designed installations on property where 
there is considerable slope. 


e Water entering the ground from the leach 
field must not pollute wells. It is essential 
that the prescribed distance from the well be 
maintained. This is not only of the well on the 


Percolation rate: The rate at which the soil will absorb 
liquid. 


property where the leach field is being installed, 
but also of any wells on adjacent properties. 


e It is generally accepted that leach fields 
should be installed on ground of relatively 
low elevation. 


e Some local governments require that suffi- 
cient space be available on the property to 
install a replacement leach field if the initial 
field should fail. They may require, instead, 
that a dual bed be installed so that the beds 
can be used alternately. 


Code Note 
Septic systems must be installed by an 


person licensed by local authorities to do such 
work. This license is separate from a plumbing 
license. 


Basic Equipment and Pipe 


The septic tank shown in Figure 23-2 is only 
one of many types available. The concrete tank 
is most commonly used, but the fiberglass- 
reinforced plastic and plastic units are also 
available. The design of the tank is simple. A 
baffle is placed at the inlet and outlet to reduce 
the disturbance of the water in the tank when 
additional waste enters, Figure 23-4. Some baffles 
are simply tees in the inlet and outlet pipes. 

The tank must be deep enough to permit 
the accumulation of sludge (solid waste) for 
several years before cleaning is required. The 
baffles must be positioned to prevent floating 
scum from entering the outlet pipe. The only 
other requirements are that the tank be water- 
tight and fitted with a lid that can be removed 
for cleaning. 

The distribution box may also be made 
from plastic, fiberglass reinforced plastic, or 
concrete. It provides a place to connect the 
many lines of the leach field, and divide the 
flow of liquid among them. Using a distribu- 
tion box rather than pipe fittings improves the 


Distribution box: Alternative to using pipe fittings, it 
provides a place to connect the many lines of the leach 
field and divides the flow of liquid among them. 
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Inlet Baffle 


Baffle 


Outlet 


Figure 23-4. Baffles at the inlet and outlet of the sep- 
tic tank promote settling of solids and prevent waste 
from traveling from the inlet directly to the outlet (a 
condition called “short-circuiting”). 


distribution of waste to each of the leach field 
runs. Like the septic tank, the box must be 
watertight. A fitted lid should be easy to 
remove for inspection. 

The piping used to install waste-disposal 
systems is similar to the pipe discussed in 
Chapter 14, Piping Materials and Fittings. 
Nearly all types of materials used in the manu- 
facture of pipe can be used for septic 
tank/leach field systems. Clay tile and more 
recently, plastic pipe, dominate this type of 
installation. All the sealed runs of pipe would 
be made with standard pipe and fittings of the 
chosen type of material. 

Plastic pipe used for leach field runs is 
similar to regular drainage pipe but with holes 
or slots in it. The openings permit the waste- 
water to enter the gravel beds from the pipe. 

Many older leach fields were built using 
short lengths of clay pipe laid end-to-end, 
Figure 23-5, with a small gap left at each joint. 


Unsealed butt 
joints 


Figure 23-5. Older leach fields usually were con- 
structed using 12” lengths of clay tile butt joined 
without being sealed. 
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Wastewater entered the gravel bed through 
these open joints. 

In recent years, clay tile has been replaced 
as the standard for leach field installation by 
smooth or corrugated plastic pipe, Figure 23-6. 
Both smooth and corrugated plastic pipe are 
available either in perforated form for installa- 
tion in leach field runs or in solid form for 
connection between the septic tank, distribu- 
tion box, and the leach field runs. The standard 
types of fittings are available for smooth plastic 
pipe. Corrugated fittings are especially 


designed for rapid assembly, Figure 23-7. 


Corrugated plastic pipe is somewhat suscep- 
tible to crushing and some health departments 
may prohibit its use in leach fields. 


Leach Field 
Innovations 
The useful life of the leach field is the most 


critical concern in designing a septic system. 
Soil conditions, the size of the field, the volume 


Figure 23-6. Perforated plastic pipe for leach field runs. A—Corrugated pipe. B—Corrugated pipe with 


filter fabric. C—Smooth pipe. (Hancor, Inc.) 


Coupling Cap 


Reducer 


Figure 23-7. Standard fittings are made for corrugated plastic pipe. (Hancor, Inc.) 


of effluent, and the amount and type of solid 
particles entering the leach field are all impor- 
tant factors to be considered. 

One alternative is to build a dual leach field 
and use a diverter valve, Figure 23-8, to direct 


Figure 23-8. A diverter valve is used to direct the flow 
of effluent to either of the leach fields in a dual field 
system. (Hancor, Inc.) 
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the effluent from the septic tank to one field 
while the other field “rests.” The dual leach 
field, Figure 23-9, has the same soil condition 
requirements as a single field, so it is not an 
alternative for soils with poor percolation. The 
advantage of the dual field is that it will last 
longer because the “rest” period allows for 
more complete decomposition of the waste and 
restoration of some of the soil’s absorbency. 
The typical recommendation is that the 
diverter valve be repositioned (switched) once 
each year to change from one field to the other. 
It is also possible to install a diverter valve that 
will allow both fields to be used at the same 
time. This may be desirable for short periods of 
time when the system will need to process 
more waste than normal. 

Some local authorities require the installa- 
tion of dual leach fields. Others may only 
recommend their use. In many cases, it is much 
less expensive to install a dual field than it is to 


Figure 23-9. One possible layout for a dual leach field system. 


TT 


Dual leach field: An alternative in a septic system that 
directs the effluent from the septic tank to one field 
while the other field “rests.” 
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build a second leach field at a later date. This is 
possible because all the equipment needed is 
on the site and the additional labor costs are 
modest. Also, the cost of replacing landscaping 
adds significantly to the cost of installing a new 
leach field at a later date. 

Chamber leach field systems were first 
introduced in 1987. They produce a tunnel 
using interconnected plastic units, Figure 23-10, 
in the leach field instead of pipe. Chamber 
systems are being used in all 50 states. There is 
evidence that they are reliable both in crush 
resistance and in their ability to process 
effluent. Because of the size of the “chamber”, 
they have the added advantage of being able to 
receive additional effluent for short periods 
without causing the system to back up. 


a en en a ee, 


Many early septic tanks were constructed 
for communities and were very large. A tank (a 
series of adjacent shallow pools that were cov- 
| ered to promote anaerobic activity) in 
Birmingham, England, covered 5 acres. In 
1903, Saratoga, New York, constructed four 
community tanks with a total capacity of one 
million gallons. 


Other Types of Waste- 
Disposal Systems 


The increasing need to reduce all forms of 
pollution has encouraged the development of 
new devices to add to or replace the standard 
septic tank. The aeration type of waste treat- 
ment combines aerobic and anaerobic action to 


Figure 23-10. This chamber system uses molded 
plastic units to form the leach field. (Hancor, Inc.) 
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clarify waste more rapidly. A completely closed 
system also has been marketed for use in 
remote locations. It recycles the flush water. 


Aeration Waste Treatment 


An aeration wastewater treatment plant 
injects air (oxygen) into the sewage, causing 
the growth of aerobic (oxygen-requiring) 
bacteria. Aerobic bacteria consume the organic 
material in the sewage. This is in addition to 
the anaerobic activity that also takes place in 
the septic tank and leach field. A properly 
designed system can produce effluent that can 
be safely discharged into a stream, recycled 
as “gray water” to flush toilets, or used for 
irrigation. 

Aeration systems are particularly useful 
where it is difficult or impossible to install a 
leach field. Figure 23-11 shows one type of 
aeration system. The tank is buried in the 
ground so that only the access cover is visible. 
Wastewater enters the center of the tank 
through a 4” PVC pipe. The submerged aerator 
injects air (oxygen) into the tank of wastewater, 
causing the aerobic bacteria to consume the 
organic material in the wastewater. The treated 
effluent rises through the filter tubes into the 
effluent weir and exits through the 4” PVC 
outlet pipe. 

Additional aerobic bacterial action takes 
place as the effluent passes through the filters. 
The filters also prevent any solids from leaving 
the tank. The surge bowl retains any unex- 
pected large flow of wastewater until the treat- 
ment process can take place. This feature of the 
design prevents untreated wastewater from 
bypassing the system. 

Installation of an aeration system must be 
approved by the local health authority. The 
conditions at the site may make an aeration 
system the most practical means of disposing 


SS 


Chamber: A type of leach field system that produces a 
tunnel using interconnected plastic units in the leach 
field instead of pipe. 


Aerobic: A chemical process that requires oxygen. 
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Figure 23-11. Aeration systems inject air (oxygen) into 
the wastewater to increase the growth of aerobic 
bacteria. (Multi-Flo Waste Treatment Systems) 


of wastewater. Some aeration systems are 
made from fiberglass. These units are light 
enough to be put in place by two people. This 
may be an important consideration on sites 
where access is limited. 

Periodic cleaning is needed to remove 
solids that have accumulated in the bottom of 
the tank. It is also necessary to clean or replace 
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the filters periodically. The frequency of 
cleaning depends upon the volume of waste- 
water entering the system and the type of solid 
material it contains. Excessive amounts of food 
particles from a garbage disposal, for example, 
will make it necessary to clean the tank and 
filters more frequently. 

Aeration systems should be equipped with 
an alarm to indicate if the aerator has malfunc- 
tioned. While the aeration units are reliable, the 
aerator motor will eventually need to be 
replaced. Also, filters can clog, causing the 
system to back up. Some older aeration 
systems did not have filters. Injecting air into 
the sludge agitates the liquid and causes parti- 
cles to stay suspended. Without the filter, these 
particles entered the leach field and caused it to 
fail prematurely. 


| be connected either to a sewer system or toan | 


| 


Any building with plumbing fixtures must | 
| 


| individual (private) sewage disposal system. | 


Lagoon Systems 


Lagoon systems depend upon aerobic 
bacteria, algae, and evaporation to digest waste. 
The lagoon is essentially a specially constructed 
pond that retains waste until it can be processed, 
Figure 23-12. Lagoons are easy to construct and 
operate with little maintenance. They are a good 
alternative in situations where soil conditions 
will not permit the installation of a typical leach 
field. On the negative side, lagoons require more 
land and are unattractive. They must be fenced, 
and warning signs must be posted. Planting of 
trees near a lagoon is undesirable because it 
inhibits the movement of air over the lagoon 
surface; thus, reducing evaporation. 


Organic Waste-Treatment 
System 


A self-contained waterless waste disposal 
system called the Clivus Multrum or inclining 
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Figure 23-12. Lagoons are easy to construct and maintain, but are unattractive and must be fenced in. 


compost room, does away with the need for 
flush water, Figure 23-13. Designed in Sweden 
around 1945, it has been marketed in the United 
States for a number of years. The system accepts 
both bathroom and kitchen wastes. Tubes 
connect the container to the toilet and to a coun- 
tertop garbage receptacle in the kitchen. The 
wastes slide along the inclined bottom of the 
fiberglass tank as they decompose. 


Countertop 


CO2, HO -> garbage unit 


Exhaust air out | x 
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Figure 23-13. Diagram of a waterless organic waste- 
disposal system that converts kitchen and bathroom 
wastes into humus. Unit is charged with a thin layer of 
peat and top soil to promote bacterial action. (Clivus 
Multrum USA, Inc.) 


The main byproducts are carbon dioxide, 
water vapor, and humus (a soil-like organic 
material representing about 5%-10% of the 
original volume). Gases and vapor are 
exhausted through the roof by way of a draft 
tube. After two to four years, the nutrient-rich 
humus is safe for use in gardens, since disease 
producing organisms have been destroyed by 
soil bacteria. The humus is removed through 
the hatch. 

The unit is designed to be installed in one- 
and two-story homes, in public buildings, or in 
vacation homes. The container may be placed 
in basements, crawl spaces, or outdoors under 
a specially designed structure. Use of this type 
of disposal system depends upon local 
approval. 


Closed System of Waste 
Treatment 


A system developed primarily for portable 
toilets (commonly used on construction sites or 
at large public outdoor events, as well as in 
travel vehicles) is finding some use in homes 
where the installation of other types of systems 
is hampered by distance, terrain, and soil 
conditions. In this system, water is stored in a 
tank that also serves as a settling basin for solid 
waste, Figure 23-14. From the tank, the water 


Humus: A soil-like organic byproduct of an organic- 
waste treatment system. 
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Figure 23-14. This completely self-contained waste- 
disposal system recycles the flushing liquid. 
(Monogram Industries, Inc.) 


Filter 


passes through a filter into a chamber where 
metered amounts of chemicals are added to 
remove odors and help purify the water. The 
water is then ready to be reused to flush the 
water closet. 

Depending upon the capacity of the 
holding tank, this unit will need to be pumped 
clean and recharged with water and chemicals 
every 160 to 1000 times it is used. 


Dosing Systems 


There are a number of different systems 
that replace the traditional leach field with a 
disposal method that distributes septic tank 
effluent through small pipes/tubes under pres- 
sure. The effluent is injected into the ground or 
sprayed over a special medium where bacterial 
action continues. This process is called dosing. 

Systems that inject the effluent into the 
ground use small diameter tubing buried a foot 
or more below the ground surface. Much of the 
effluent is taken up by the grass and small 
plants at the surface; therefore, the systems also 


Dosing: A disposal method that distributes septic tank 
effluent through small pipes/tubes under pressure, 
where it is injected into the ground or sprayed over a 
special medium where bacterial action continues. 
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provide irrigation. A second design for a 
dosing system uses a series of plastic 
containers filled with a special foam medium 
in place of the leach bed. These systems are 
generally installed to replace failed leach fields 
or in locations where the traditional leach 
field is impractical. In any case, it is important 
to consult with local authorities before 
installing one of these systems. Installation and 
maintenance procedures are specified by the 
manufacturer. 


Recommendations 
for Using and 
Maintaining Septic 
Systems 


Plumbers are expected to know about 
septic systems. Home owners seek their advice 
about use and maintenance. The following 
discussion is intended to provide a general 
understanding of the dos and don’ts of septic 
system use and maintenance. The recommen- 
dations are presented in three groups: 1) an 
alert to plumbers, 2) things that should not be 
put into a septic system, and 3) actions that will 
extend the life of the leach field. 


Harmful Chemicals 


Plumbers doing maintenance and repair 
work on DWV systems that flow into septic 
systems need to be aware that strong chemicals 
sold for cleaning drains should not be used. 
These chemicals kill the bacteria in the septic 
system that are essential for it to function. 
Plumbers should also inform home owners of 
the harmful effects of these chemicals. 


Things That Should Not 
Be Put into a Septic 
System 


There are other products in addition to 
drain cleaners that should not be put into the 
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septic system. In general, these fall into three 
categories: 
e Chemicals that kill the bacteria that make 
the septic system function: 
e Strong cleaning agents such as oven 
cleaner 
e Solvents such as alcohol, paint thinner, 
acetone 
e Fuels such as gasoline, kerosene 
e Root killer intended to kill roots that 
may enter the leach field pipes 
e Cleaning products that contain lye 
e Chlorine bleach and water closet addi- 


tives also kill the needed bacteria; their 
use should be minimized 

e The backwash from a water softener 
contains chlorides that also kill the 
desirable bacteria in a septic system; 
therefore, it is best if the backwash is 
not drained into the septic system. 

e Paper products that take too long to decom- 
pose (toilet paper is acceptable because it 
breaks down quickly): 

e Paper towels 

e Facial tissues 

e Sanitary napkins and tampons 
e Disposable diapers 

e Grease or oil, because it becomes part of the 
scum and excess amounts enter the leach 
field: 

e Grease and oil from cooking should be 
drained off before washing dishes 
e Waste oil from vehicles or small 
engines 
Biodegradable soap should be used for 
washing dishes and clothing, because it will 
breakdown easily in the septic system. 


Actions That Extend the 
Life of a Septic System 


The life of a septic system can be extended 
if the homeowner will consistently follow prac- 
tices to minimize the amount of liquids and 


solids entering the system. Essentially, these 
practices involve giving up a degree of conven- 
ience to increase the life expectancy of the 
septic system. The homeowner should also 
avoid short term heavy loading of the system. 

Minimizing the amount of liquid that enters the 
system gives the bacteria longer to break down 
the waste before it is forced into the leach field. 
If a new system is being designed, the home- 
owner should consider increasing the size of 
the tank and leach field if they are unwilling to 
minimize the amount of liquid entering the 
system. For existing systems, there are a 
number of practices that can have a dramatic 
effect on the amount of liquid entering the 
system: 


e Promptly repair all leaking faucets and 
valves. (Check the water closet flush valves 
carefully because leaks can be difficult to 
detect. See Chapter 29, Repairing Water 
Supply Systems.) 

e Install flow restricters on faucets and 
shower heads. 


e Donot let water run down the drain unnec- 
essarily. For example, turn off the water 
while brushing teeth, while shaving, and 
while applying soap in a shower. 


e Take short showers. 


e Minimize the use of a dishwasher. Much 
less water is consumed washing dishes by 
hand. 


e Reduce the amount of clothes washing by 
taking large quantities of clothes to a coin 
laundry rather than washing several loads 
in one day. This practice not only reduces 
the amount of liquid entering the system, 
but also helps avoid short term overloading 
of the system. 


e Replace water closets that require 3.5 or 
more gallons of water per flush with water 
closets that require 1.6 gallons per flush. 


e Install instantaneous water heaters near the 
places where hot water is used. This greatly 
reduces the amount of water going down 
the drain waiting for the water to get warm. 


e Install a gray-water system that will recycle 
drainage from the washing machine and tub / 
shower for use in flushing water closets. 


Minimizing the amount of solids that are 
entered into the system reduces the amount of 
material that must be broken down by bacterial 
action. It also reduces the possibility that solid 
particles will pass through the septic tank and 
enter the leach field. Practices that help reduce 
solid waste include: 


e Minimize food waste entering the septic 
system. Even if a garbage disposal is 
installed in the kitchen sink, the bulk of 
food waste should be disposed of without 
sending it into the septic system. 


e Rinse muddy clothing items outside to 
remove dirt and sand before placing them 
in the washing machine or sink. 


Avoid Short-Term Heavy Loads on the 
System 

When a high volume of waste enters the 
septic tank in a short time period, insufficient 
time is available for the waste to decompose 
before it enters the leach field. Modifying 
behavior so that the load on the system is more 
constant and providing “rest” periods before 
and after periods of high volume use are both 
helpful. Two examples illustrate practices that 
aid septic systems: 
e Rather than washing several loads of 

clothes in one day, wash one load every 

other day. 


e If guests are being entertained, minimize 
the amount of waste entering the system for 
a few days before their arrival and a few 
days after their departure. Taking the 
laundry to the coin laundry after their 
departure helps. 
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Maintaining a Septic System 

If the system is designed and used properly, 
maintenance is relatively simple. Because some 
of the scum and sludge will not decompose, it 
is generally recommended that the septic tank 
be pumped at three-year intervals. If the excess 
scum and sludge are not removed, solid parti- 
cles will enter the drain field and hasten its 
failure. The frequency of pumping depends 
upon the size of the septic tank and the volume 
and content of the sewage entering it. Because 
of the variables involved, it is not possible to 
predict precisely when the tank should be 
pumped. Inspection of the tank by a qualified 
technician and information gained from 
pumping the tank are the best indicators of 
how often the septic tank should be pumped. 
The interval between the times when the septic 
tank is pumped may be increased if experience 
demonstrates that it is warranted. 

If the septic tank has a filter at the outlet, 
the filter should be cleaned regularly. The 
owner’s manual for the filter should provide 
information both on the desired frequency and 
the procedures for cleaning the filter. 

Finally, consider this caution about using 
septic system additives (some of which contain 
enzymes) to increase the bacterial action in the 
system. If the system is used properly, addi- 
tives are not needed because there are enough 
bacteria in the waste to make the system 
operate. Also, the use of additives has been 
linked to premature failure of some septic 
systems because the additives caused particles 
of sludge to become suspended in the effluent 
that flows into the leach field. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1. Which of the following government offi- 
cials must be contacted before designing a 


private waste disposal system? 
A. Water department. 
B. County health department. 
C. Building inspector. 


2. A primary purpose of a septic tank is to 
provide a place where organic solids can 


A. crystallize 

B. settle to the bottom 
C. dissolve 

D. be diluted 


3. The pipe that is buried in the runs of a leach 


field is 

A. oval 

B. galvanized steel 
C. perforated 

D. N grade copper 


4. True or False? Swampy ground is an excel- 


lent place to install a leach field. 


5. Why is the distance from a well to a leach 


field considered very important? 


6. To prevent the water in a septic tank from 
being disturbed when additional waste 


enters, a is required at the inlet. 
A. baffle 

B. valve 

C. float 

D. screen 


. Which of the following types of pipe can be 


used in constructing a leach field? 
A. Plastic. 

B. Clay tile. 

C. Corrugated plastic. 

D. All of the above. 


8. An aeration system injects ____ into the 
wastewater to cause aerobic ___ to 
consume the organic solids. 

A. chlorine; bacteria 
B. chlorine; gases 
C. air; bacteria 

D. air; gases 

9. Identify two advantages and two disadvan- 

tages of lagoon waste treatment systems. 
10. An aeration system is different from the 

typical septic tank system because it 

A. eliminates the need for an outlet filter 

B. requires a different type of tank 

C. injects air into the effluent 

D. requires less maintenance 
Suggested Activities 

1. Invite a representative of the county health 
department to discuss the advantages and 
limitations of various types of private waste 
treatment systems. 

2. Visit a site where a private waste disposal 


system is being installed. Discuss the instal- 
lation and maintenance procedures with 
the contractor. 


Storm Water 
and Sumps 


Objectives 
After studying this chapter, you will be able to: 


e Explain the difference between storm sewers 
and sanitary sewers. 

e Install drainage piping to collect runoff 
from roofs, driveways, exterior stairways, 
window wells, and slopes and drain it 
away from a building. 

e Describe the function and installation of a 
sump pump. 


Technical Terms 


Storm drainage Sloping land 
Foundation drain French drain 
Sump Leaders 


In a typical building, two separate drain/waste 
piping systems are installed. One is the 
drain/waste/vent piping system that empties into 
a sanitary sewer, septic tank, cesspool, or 
lagoon. The second is the storm water piping 
system that empties into a storm sewer, a dry 
well, or other means of disposal. 


Storm drainage: Piping system that collects only 
water that occurs naturally on the property. 


Storm Sewers vs. 
Sanitary Sewers 


Some older buildings may have combined 
DWV and storm water piping systems. In the 
past, foundation drains and gutter downspouts 
were sometimes connected to the DWV piping 
system, directing water into the sanitary sewer 
system. However, this type of installation is 
undesirable for several reasons. Heavy rainfall 
can overload the system and cause drains to 
back up into buildings. Furthermore, a com- 
bined DWV/storm water system imposes an 
extremely heavy load (volume of water) on 
sewage treatment facilities. This is costly in 
terms of facility operating and of construction 
costs. From a public health standpoint, it can 
result in the release of untreated or under- 
treated sewage into waterways. These health 
and cost factors have resulted in code restric- 
tions that prohibit directing storm water into 
sanitary sewers. 

The storm drainage piping system of a 
property is separate from the DWV piping 
system. It collects only water that occurs natu- 
rally on the property. Rain, snow melt, and 
groundwater around the foundation are the 
primary sources of storm water. Gutters, down- 
spouts, driveway drains, and sump pump 
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discharge pipes are examples of piping 
included in the storm drainage system. 

It is important to distinguish the storm 
drainage system from the sanitary sewer 
system that is part of the utility system of most 
communities. The storm sewer system collects 
water from streets, parking lots, and each of the 
buildings in its service area. The storm drainage 
piping for a particular building usually does 
not connect directly to the storm sewer system. 
Instead, the piping directs storm water to the 
street where it can flow into the storm sewer 
system through inlets along the curb. 


"Code Note 

Building codes typically define sanitary 
sewers in a way that prohibits them from 
carrying storm drainage, surface water, or 


groundwater. 


f f Foundation drain 
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Other than the fact that the storm water 
piping system and the DWV piping system 
must be kept separate, they are very similar. 
They both depend on gravity to function, and 
both are constructed from similar materials. 


Designing the Storm 
Water Piping System 


A typical storm drainage system includes a 
number of components, Figure 24-1. Gutters, 
downspouts, and leaders collect and carry 
away the water from the roof of the building. A 
foundation drain collects the groundwater that 
accumulates below the basement floor and 
outside the foundation walls. In addition, 


4 Downspout 


Downspout 


Figure 24-1. Storm drainage system for a residence. Runoff from the roof is collected in gutters and directed to 
downspouts. From the downspout, underground leaders carry the water to the street. Foundation drains under the 
basement floor direct groundwater into a sump where a sump pump lifts the water above ground. 


special drains may be required for exterior 
stairways, large window wells, and driveways 
that slope toward the building. 

When designing a storm water system for a 
particular building, it is helpful first to identify 
which components will be required, then deter- 
mine which, if any, of them will require a sump 
and a sump pump. In general, it is preferable to 
pipe storm water to the surface so it can flow 
away as part of natural drainage rather than 
piping it to a sump. While sump pumps are 
highly reliable, they will not function without 
electricity. In the case of an electrical outage 
during a storm, the sump pump will not func- 
tion unless provision is made for backup elec- 
trical power. Also, even the best of sump 
pumps eventually fail, and the result is base- 
ment flooding. Minimizing the need for sump 
pumps reduces maintenance problems and 
often costs less in the long run than the extra 
pipe. Unfortunately, many building sites are 
too flat to permit foundation drains to be 
extended horizontally to the surface. This 
makes it necessary to install a sump and sump 
pump to remove the groundwater at the base- 
ment level. 


Pumps that can handle sanitary sewage 
(sometimes called soil) are referred to as 
sewage pumps or sewage ejector pumps. 
Sump pumps lift clear water only. 


Roof Drainage 


The appropriate size for vertical and hori- 
zontal pipes that connect roof drainage systems 
to the storm sewer can be determined by refer- 
ring to Figures 24-2 and 24-3. For example, if 
the drain serves a roof area of 2000 sq. ft., it will 
require a 3” vertical and a 4” horizontal pipe 
that slopes %” per foot of run. 


Foundation drain: Drainage system that collects 
groundwater and channels it into a sump, thereby 
removing water that tends to collect under the base- 
ment floor and outside the foundation wall. 


Sump: A basin into which groundwater is channeled. 
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2 P 72098 
3 | 2200 | 
4 | 4600 |} 
5 | 8650 | 
6 J 


3 822 ‘ 1160 1644 
4 1880 2650 3760 
5 3340 4720 6680 
6 5350 7550 10,700 
8 11,500 16,300 23,000 


Figure 24-3. Pipe sizes for horizontal storm drains. 


Foundation Drainage 


A foundation drain collects groundwater 
and channels it into a basin called a sump, 
Figure 24-4. The purpose of the foundation 
drain is to remove the water that tends to 


Figure 24-4. This sump is made from injection- 
molded plastic. (Hancor, Inc.) 
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collect under the basement floor and outside 
the foundation wall. Refer to Figure 24-1. If this 
water is not removed, the basement walls and 
floor will be damp. Groundwater may enter the 
basement at the joint between the concrete 
floor and the foundation wall, through cracks 
in the concrete, and where the metal ties that 
held the concrete forms in place pass through 
the concrete wall. Concrete block foundation 
walls are even more likely to allow water to 
enter the basement because the mortar at the 
joints is relatively thin compared to the thick- 
ness of the wall. Even worse, cracks and cave- 
in can be caused by high levels of hydraulic 
pressure from the water on the outside of the 
foundation walls. 


l The installation of storm sewers preceded | 
the installation of sanitary sewers in older | 
| cities. When plumbing fixtures were first | 
| installed in buildings, they were often connected | 
| to the existing storm sewers. | 


The foundation drain is made from pipe 
that has slits or holes in it, permitting water to 
enter, Figure 24-5. This pipe may be installed 
inside or outside the foundation wall, 
depending on the local code requirements. 
In either case, it is run to the sump located 
inside the foundation walls. A sump pump, 
Figure 24-6, raises the water to a level where it 
can flow away by gravity. The sump pump is 


Figure 24-5. Foundation drain pipe is perforated to 
allow it to collect groundwater. (Hancor, Inc.) 


Motor 
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valve at outlet 
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Figure 24-6. Cutaway view of a sump pump used to 
raise groundwater from beneath the basement floor to 
the street level, where it is carried away by the storm 
sewer. A check valve is typically installed at the outlet 
to keep water from backing up into the sump from the 
vertical portion of the drain pipe. 


turned on automatically by a float-controlled 
switch when the water in the sump reaches a 
predetermined level. The switch turns the 
pump off when the water level has dropped 
close to the bottom of the sump. When 
designing a foundation drainage system, 
consult the electrical plan to make certain that 
electrical service has been provided to power 
the pump. 


A check valve must be installed in the 
vertical pipe leading from the pump to prevent 
water in the pipe from flowing back into the 
sump when the pump shuts off. This reduces 
the starting load on the pump and the number 
of on/off cycles of the pump. 

It is often difficult to estimate the volume of 
groundwater that will enter a sump. Also, 
sump pump failure can cause basement 
flooding. One solution to both problems is to 
install two sump pumps in one sump. The float 
valve of the second sump pump is set to turn 
on that pump when the water level in the sump 
is a few inches deeper than the setpoint for acti- 
vating the first pump. In this system, if the first 
pump fails, the water level will rise to the point 
where it activates the second pump. In the 
same way, if the amount of water entering the 
sump exceeds the capacity of the first pump, 
the rising water level will activate the second 
pump, doubling the pumping capacity. 

One of the biggest problems with sump 
pumps is that electrical outages are most likely 
during heavy storms, just when the greatest 
volume of water is likely to enter the sump. 
The solution to this problem is to install a back- 
up electric power system. 


History Briet 

Karl Niedermeyer is credited with invention 
of the battery-powered backup sump pump in 
1946. He had been a U.S. Navy electrician 
during World War II, working on the pumps 
used to remove water from ship repair dry 
docks. 


High water alarms are available that sound 
a warning when the water level in the sump 
exceeds a predetermined level. Since the sump 
and sump pump are often installed in a 
secluded area of the basement, such an alarm 
provides an effective warning if the system is 
not working. This can reduce flooding damage 
if prompt action is taken to fix the problem. 

If the lot has sufficient slope, it may be prac- 
tical to omit the sump and sump pump. You 
would simply extend the foundation drains 
horizontally to a point above ground where the 
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water can flow away as part of the natural 
drainage from the lot. 

In some areas of the country, the radioactive 
element radium is decomposing below the 
earth’s surface and releasing radon gas. This 
gas can enter the basement of a building 
through the foundation drain piping and the 
sump, posing a health hazard. If radon is a 
problem in the area, install a vented sump, 
Figure 24-7, to expel the radon gas outside 
the building. 


Special Drainage Problems 


Exterior stairwells, window wells, and 
ground or driveways that slope toward the 
building all pose storm drainage problems. 
Water can accumulate in the landing at the base 
of an exterior basement stair. The only thing 
keeping this water out of the basement will be 
the threshold below the door. Therefore, a floor 


Figure 24-7. When radon gas is present in the ground 
below a building, it can be vented using a vented 
sump. (Hancor, Inc.) 
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drain needs to be installed, Figure 24-8, and 
piped horizontally to the surface of the ground. 
If this is not practical, the floor drain can be 
connected to the sump inside the basement. 
This option is less desirable because of the 
added volume of water that must be removed 
by the sump pump. Also, if the sump pump 
fails, this water will add to the flooding 
problem in the basement. The typical floor 
drain joined to a 3” pipe will be large enough 
for most exterior stair installations. This can be 
checked by using the table for roof drains, 
provided the entire area of the stairs and stair 
landing is included in the calculation. If any 
part of the sidewalk slopes toward the stair, 
this area must be added to the total, as well. 
Window wells at basement windows can 
flood, either from heavy rainfall or overflow 
from a blocked gutter. For the small hopper 
windows typically installed at the top of the 
foundation wall, dome-like clear plastic covers 
will prevent water from entering the window 
well. Larger window wells that have no cover 
will require drains similar to the ones for exte- 
rior stairs. In some cases, the bottom of the well 
is paved with concrete and a floor drain is 


Floor drain 


installed in the same way as in the exterior 
stairwell. The size of the drain can be deter- 
mined by using the tables in Figures 24-2 and 
24-3. An alternative is to install a roof drain 
surrounded with gravel fill in the window 
well, Figure 24-9. This allows much of the 
water to be absorbed into the ground, and the 
roof drain carries away only the excess. Again, 
the preference is for this water to be piped hori- 
zontally to a point on the lot where it can flow 
away as part of natural drainage. 

Driveways that slope toward the building 
create a major problem because of the volume 
of water that will drain from the driveway. 
The solution to this problem is to install a 
trench drain, Figure 24-10, at the bottom of the 
slope. The metal grate is slotted to permit 
water to enter, and it can be taken off to remove 
accumulated debris. Refer to the tables in 
Figures 24-2 and 24-3 to determine the size of 
the driveway drain pipe. Be sure to make an 
allowance for any water that drains from the 
surrounding ground sloping toward the 
driveway. In the case of long sloping drive- 
ways, it may be necessary to install two or 
more trench drains to handle the volume of 


= 
Extends horizontally 
to ground surface 


Drain 
pipe 


Figure 24-8. Installing a floor drain at the base of an exterior stairwell allows runoff to be drained from the stairs. 


(Watts Regulator Company) 
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Figure 24-9. A roof drain can be installed in a window well to collect runoff. (Watts Regulator Company) 
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Driveway 


Metal grate 


Drain pipe extends 
to ground surface 


Cast concrete 
trench drain 


Alternate design makes use of a cast-in-place 
concrete “box” with a metal grate. 


Figure 24-10. Driveways that slope toward the building can cause flooding in a garage. A trench drain is used to 
collect and drain away the runoff. 
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water. Like the exterior stair landing and the 
window well, it is preferred that the outflow of 
a trench drain be piped horizontally to a point 
where it can flow away as part of natural 
drainage. 

Sloping land can cause surface water to 
drain toward the building, Figure 24-11. The 
hillside acts like a roof to direct runoff 
toward the foundation. If this water is allowed 
to pool against the foundation, it can overload 
the foundation drainage piping and cause 
excessive pressure on the foundation wall. 
Figure 24-12 shows a trench drain (also known 
as a French drain) that collects and drains this 
water away from the foundation. Trench drains 
can also be used to carry water away from low 
spots in the yard. 


Installing Storm 
Drainage Systems 


The procedures for installing storm 
drainage piping are similar to those described 


Hill works like roof 
and directs runoff 
toward house 


SS 


French drain A 
to collect runoff 
and pipe it around 


house 


Section 3 Plumbing System Design and Installation 


6’ to 24” 
trench 


Figure 24-12. Cross-section of a French drain. 


for the installation of horizontal DWV piping 
below the concrete floor in a basement and for 
the installation of building sewers. Refer to 
Chapter 19 for more information. 

Foundation drains are installed alongside 
the footings inside the building. They are laid 
with little or no slope, and with the holes in the 
pipe turned downward. Gravel fill around the 
pipe and under the concrete floor allows water 


Drain 
pipe To curb 


Figure 24-11. The runoff from a hillside that slopes toward a building can be collected and drained away by a 


French drain. (Watts Regulator Company) 


to flow into the pipe and on to the sump. It is 
important that the pipe be level or slope 
slightly toward the sump. A layer of plastic 
(moisture barrier) placed over the gravel fill 
before the concrete is poured will help prevent 
moisture from reaching the concrete floor. 


Sloping land: The cause of surface water draining 
toward a building, overloading the foundation 
drainage piping, and causing excessive pressure on 
the foundation wall. 


French drain: A trench drain that collects and drains 
water away from the foundation. 


Leaders: In a storm drainage system, objects from 
downspouts that are often buried a few inches below 
the surface of the ground. 
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Leaders from downspouts are often buried 
a few inches below the surface of the ground. A 
minimum slope of %” per foot of run must be 
maintained. 

Drain pipes extending from stairwells, 
window wells, and trench drains must also 
slope a minimum of %” per foot of run. The 
slope must be consistent throughout the run. 
The pipe should be laid on solid ground, or 
gravel fill should be used to provide solid 
support for the pipe. 

Trench drains use gravel to provide an area 
that will absorb water quickly. The gravel also 
acts as a filter to collect debris that otherwise 
might clog the drain pipe. Over time, the 
gravel may clog with debris and need to be 
replaced. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


ilk 


The system of pipes designed to dispose of 
excess rainwater is known as the 

A. sanitary sewer 

B. water main 

C. sewer main 

D. storm sewer 


. Water collecting in foundation drains that 


are below the level of the storm sewer 

should be 

A. directed into the sanitary sewer 

B. piped to a sump and pumped to a level 
above the storm sewer 

C. piped to a septic tank 

D. pumped into the sanitary sewer 


. True or False? The pipe used for foundation 


drains is perforated to permit groundwater 
to enter the pipe. 


. The size to the downspout (vertical pipe) 


from a gutter that collects the water from a 
roof 1450 sq. ft. in area should not be less 
than in diameter. 

A. 2” 

Bo 8 

C. 4” 

D, 5 


. If the slope of the horizontal pipe that 


carries water from a roof is ⁄ inch per foot, 
and the roof being drained is 3150 sq. ft. in 
area, the horizontal pipe should be at least 
in diameter. 
A D 
B. 4” 
Ca” 
D, G 


6. A concrete driveway that slopes toward the 


house is 20’ wide and 50’ long. What diam- 
eter pipe should be used to carry the water 
from the trench drain if the pipe is installed 
with a slope of 4” per foot of run? 

A. 2”, 

Beas". 

Cae 

Dae 


Suggested Activities 


1. Using a set of drawings for a house, calcu- 


late the diameter of the leaders needed to 
collect the runoff from the roof. 


.Go to a plumbing supply company and 


find out what type of sump pumps they 
sell. Review the literature describing these 
pumps giving particular attention to the 
installation requirements. 


. Visit a construction site when foundation 


drains are being installed. What kind of 
pipe and sump are being installed? What is 
being used for backfill around the pipe? 
Will a vapor barrier be installed beneath the 
concrete floor? 


Installing HVAC 
Systems 


Objectives 

Heating, ventilating, and air conditioning 
(HVAC) systems provide a comfortable climate 
within a structure. 

This chapter addresses the plumber’s 
participation in installing HVAC systems. 


After studying this chapter, you will be able to: 


e Describe the basic operation of each system 
and its parts. 


e Explain the jobs plumbers are required to 
perform while installing the systems. 


Technical Terms 


Air conditioning 
Single-pipe, forced- 


Condensing unit 
Heat exchange coil 


circulation system Evaporator 
Expansion tank Furnace fan 
Relief valve Heat pump 
Pressure-reducing Remote central air 

valve conditioning 
Air vents system. 
Multizone hydronic Relative humidity 

system Ventilation 


Double-pipe, forced- Cross ventilation 


circulation systems 


Air conditioning: Any system that controls three or 
more of the environmental factors that contribute to 
human comfort. 


A good HVAC system controls all the prin- 
cipal factors that affect human comfort. This 
means the right temperature; the right amount 
of moisture; and a controlled supply of fresh, 
clean, odorless air. The term air conditioning 
can be used in reference to any system that 
controls three or more of the environmental 
factors that contribute to human comfort. 
Cooling is only one of the major elements of 
climate control. For the sake of clarity, the 
abbreviation HVAC is used to indicate that the 
systems described have the ability to control all 
the elements of human comfort. 


Basic Components of 
an HVAC System 


The basic mechanical units of an HVAC 
system are listed in Figure 25-1. A heating unit 
and a refrigeration unit give full temperature 
control. A humidifier and a dehumidifier 
provide moisture control. The circulated air is 
cleaned by a filter. In some systems, fans are 
used to move the air. 

In this chapter, each part of the system is 
briefly described. However, procedures cover 
only the installation of pipe and fittings that 
connect the HVAC components to the water, 
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Air conditioning systems 
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Figure 25-1. HVAC systems control three or more of the environmental factors that contribute to human comfort 


within a structure. 


gas, and sewer piping. The design and total 
installation of such systems is beyond the 
scope of this book. The plumber does, however, 
need to know about the basic parts of the 
systems and how they are combined. Only then 
can the plumbing portions of the installation be 
performed correctly. 


Temperature Control 


Temperatures in inhabited buildings are 
controlled with heating and refrigeration 
devices. A heating system consists of a group of 
mechanical and electrical devices. These 
devices: 


e Convert some form of energy into heat. 
e Circulate and distribute the heat. 


e Automatically control heating through an 
automatic thermostat. 


Many different systems can be used to heat 
a structure. Some systems combine several 
HVAC functions. 


Heat transfer 

Both heating and cooling systems depend 
on heat transfer for their operation. Heat is 
transferred in only one direction; it moves from 
a warmer object to a cooler object. A heating 
system transfers heat from the warmer heat 
source to the cooler building. Conversely, the 
cooling system absorbs the heat from the 
building and moves it to the outside air. 

Heating systems are available in many vari- 
eties. However, most differences relate to: 


e The available energy sources. 
e The particular heating devices in use. 
e The heat distribution design used. 


The energy to produce heat comes from 
several sources, including gas, fuel oil, 
sunlight, and electricity. The energy source 
choice depends on factors such as: 


e Availability of the energy source. 
e Reliability of the source. 


e Compatibility with the design of the total 
system. 


e Initial cost. 
e Operating cost. 


Heating is commonly provided either by 
several individual room/area heaters or by one 
centrally located heating plant that distributes 
heat to the entire structure. Individual 
room/area heaters use different methods of 
heat distribution and use a variety of fuels. 
These heating units include fireplaces, stoves, 
floor furnaces, in-wall heaters, and portable 
heaters. These individual room/area heaters 
are adequate for heating single enclosed areas, 
but one heater cannot be expected to heat an 
entire building uniformly. 


f en 
Code Note 

Heat exchangers that use toxic fluids must 

| be separated from the potable water supply by 

| double-wall construction. The space between 


the walls must provide an air gap that is open 
to the atmosphere. | 


Central heating 

Central heating has almost completely 
replaced individual area heaters. In central 
heating, a single heating plant produces heat at 
a centrally located point. The heat is circulated 
and distributed throughout the structure by 
perimeter heating or radiant heating. See 
Figure 25-2. 

In perimeter heating, the heat outlets are 
placed on the outside walls of the structure, 
since the main loss of heat is through windows 
and outside walls. The heat outlets, usually on 
or near the floor, allow the heat to rise and 
warm these cold areas. Consequently, the 
entire building is warmed. Heat is moved from 
the heating plant through the building by: 


e Warm-air circulating systems. 


e Hot water radiators. 
e Electrical resistance heating radiators. 


Heating hardware is generally placed in the 
floors or ceilings of the structure. Hot water 


Single-pipe, forced-air circulation system: The 
simplest form of a hydronic heating system. In this 
type of system, water is heated and pumped through 
piping to the radiators, where heat is given off. 


Chapter 25 Installing HVAC Systems 431 


piping or electrical resistance wiring is 
“buried” under the surface. The heat from the 
warmed surfaces is transferred by radiation, 
convection, and conduction. Electrical resis- 
tance wiring systems eliminate the need for a 
central heating plant. 


Solar Heat 


Up to now, the sun has been used mostly to 
augment the heating system. Structures are 
designed to take advantage of the sun’s heat 
energy: 


e By properly placing a structure on the site, 
it is exposed to the winter sun that is lower 
on the southern horizon. This provides heat 
gain so the heating unit consumes less fuel. 


e The heat gain is further increased by 
installing large windows on the south side 
of the structure. 


In an effort to conserve fuel, the use of solar 
collectors has become more popular. These 
collectors can provide the structure’s primary 
heat supply in some locations. 

The most flexible heating system in use 
today is a central heating plant, combined with 
a perimeter warm air distribution system. The 
system is readily adaptable to cooling, 
humidity control, air filtration, and ventilation. 
From the plumber’s point of view, the hydronic 
heating systems are the most interesting 
because their installation requires extensive 


piping. 


Hydronic Heating 
Systems 


The simplest form of a hydronic heating 
system is the single-pipe, forced-circulation 
system illustrated in Figure 25-3. In this 
system, the water is heated in the boiler and 
pumped through piping to the radiators, 
where heat is given off. From the radiators, the 
water flows back to the boiler where it is 
reheated. 
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-ai i ting s m A 
Forced-air perimeter heating syste iba ducis demenainen 


outside, generally below windows 


Ducts run 


Cold air return ducts 
generally in center 
of home may be Heating 
installed flush unit 
with floor 


Hydronic perimeter heating system 


Hydronic radiant heat 
in concrete slab floor 


Expansion 
tank 


Relief 


Tubing is generally closer 
together along outer walls 


Water boiler 
Electric radiant heat in ceiling 


Electric 
resistance cable 
embedded in ceiling 


Thermostat 


Figure 25-2. The basic types of central heating systems are forced-air perimeter, hydronic perimeter, hydronic 
radiant, and electric radiant. 


Expansion 
tank 


nae Circulating pump 
Pressure- -4 
reducing Drai S Bols Return main 
valve ran 


Figure 25-3. The single-pipe system is more efficient 
if risers connect radiators to the flow main. 


The expansion tank serves as a reservoir for 
the increased volume of water after heating. 
The relief valve is a safety device that releases 
excess water pressure in case the system 
malfunctions. The pressure-reducing valve 
limits the pressure of the incoming fresh water 
supply. The air vents allow any air that enters 
the system to escape at high points in the piping. 

A major disadvantage of the single-pipe 
system is its inability to heat buildings evenly. 
Only one control activates the pump that circu- 
lates the hot water. When the control calls for 
heat, all radiators receive it whether the room is 
in need of it or not. In some single-pipe 
systems, the water must flow from one radiator 
to the next. The water gives up more and more 
heat as it goes from one radiator to the next 
radiator in line. As a result, rooms that receive 


Expansion tank: A reservoir for the increased volume 
of water after heating. 


Relief valve: A safety device that releases excess water 
pressure in case the system malfunctions. 


Pressure-reducing valve: Valve that limits the pressure 
of the incoming fresh water supply. 


Air vents: Vents that allow any air that enters the 
system to escape at high points in the piping. 
Multizone hydronic system: Type of hydronic heating 
system in which thermostats and zone valves are 
installed at each radiator, allowing the temperature of 
each room to be controlled individually. 


Chapter 25 Installing HVAC Systems 433 


Zone valves 


Figure 25-4. Zone valves can be installed to control 
separate sections of a single-pipe hydronic heating 
system. 


the heat first can tend to overheat while those 
at the end of the line tend to be cooler. 

These objectionable features can be over- 
come by installing a system of risers off the 
main piping and installing several zone valves. 
Figure 25-4 shows a hydronic heating system 
of this type. Zone valves have been installed to 
control the flow of hot water through two parts 
of the system that receive heat independently 
of each other. In installations of this type, for 
example, one zone valve controls the heating of 
bedrooms. A second zone valve controls heat to 
the rest of the house. 

By installing thermostats and zone valves 
at each radiator, Figure 25-5, the temperature 
of each room can be controlled individually. 
This type of hydronic heating system is known 
as a multizone hydronic system. 


Zone valve 


Figure 25-5. Installing a zone valve at each radiator per- 
mits individual control of the temperature in each room. 
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Double-pipe, forced-circulation systems, 
Figure 25-6, provide more uniform heating 
than the simple single-pipe system because the 
water entering each radiator is heated to 
approximately the same temperature. This 
more-even temperature is a result of the hot 
water passing through fewer pipes and radia- 
tors. The double-pipe system can be designed 
as a zone or multizone system by installing the 
zone valves at the right locations in the piping. 


t History Brief 


The American Water Works Association 
estimates that 97% of the earth’s water is salt- 
water in the oceans and seas. Two percent of 
the earth's water is frozen in the polar caps 
and glaciers. Only 1% of the earth’s water is 
available and suitable for consumption. 


Cooling Systems 


Many structures use the same air distribu- 
tion system for both heating and cooling. The 
cooling system must remove heat from the 
house, which is usually done through a 
perimeter air distribution system. 


Expansion tank 


Flow main 


Relief valve 


_J™- Circulating pump 


Return main 


Boiler 


Drain 
Pressure-reducing valve 
Figure 25-6. A double-pipe hydronic system provides 


more uniform heating than the simple single-pipe 
system. 


Section 3 Plumbing System Design and Installation 


The two basic cooling systems in common 
use are the remote system and the integral 
(self-contained) system. Both use the same 
basic mechanical refrigeration device. 

A central air-cooling unit for a building 
consists of a condensing unit located outdoors 
and a heat exchange coil, or evaporator, 
located in the bonnet of the furnace. 

The furnace fan circulates warm air from 
the rooms through the heat exchange coil. The 
coil removes heat and moisture from the air. 
The cooled air is redistributed through the 
building. 

At the same time, the moisture in the air is 
removed. It simply condenses on the cool 
surface of the heat exchange coil and is drained 
away. The heat from the air is absorbed by a 
liquid refrigerant circulating inside the heat 
exchange coil. The refrigerant, while absorbing 
the heat, changes from a liquid to a gas. This 
gas flows to the compressor, is compressed to a 
high pressure, and is then pumped to the 
condenser. The refrigerant in the condenser 
releases heat to the outside air and changes from 
a gas back to a liquid. The heat given off during 
the refrigerant’s condensation is released to the 
outside air. This refrigerating cycle continues 
until the desired inside temperature is reached 
inside the structure, Figure 25-7. 

Some air-cooling units use refrigerants to 
cool a solution of water and glycol (antifreeze). 
This solution is circulated through the heat 
exchange coil in the furnace bonnet. 


Double-pipe, forced-air circulation system: System 
that provides more uniform heating than the single- 
pipe system because the water entering each radiator 
is heated to approximately the same temperature. 


Condensing unit: The part of a building's central air- 
cooling unit that is located outdoors. As refrigerant 
flows through the condenser, it releases heat to the 
outside air and changes from a gas to a liquid 


Heat exchange coil: Part of a central air-cooling unit 
that removes heat and moisture from the air and is 
located in the bonnet of the furnace. Also called the 
evaporator. 


Furnace fan: Part of a central air-cooling unit that 
circulates warm air from the rooms through the heat 
exchange coil. The cooled air is redistributed through 
the building. 


Air return used 
summer and winter 


Heat exchange coil 
in furnace bonnet 
for summer air 
conditioning only 


Air return 
duct to blower 


Blower and motor 
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Vent for warm 
or cooled air 


Refrigeration pipes 
from heat exchange 
coil to condenser 


Figure 25-7. The basic parts of the refrigeration unit of a central air conditioning system include the heat 
exchange coil and condenser. They are attached to an existing forced-air furnace. 


The heat pump used for heating and 
cooling is a mechanical refrigeration device. It 
operates on the principle previously described. 
With a reversing valve, it produces heated air 
on the heating cycle and cooled air on the 
cooling cycle. Changing the valve causes the 
condenser and the evaporator (heat exchange 
coil) to reverse roles. The condenser becomes 
the evaporator and the evaporator becomes a 
condenser. 

The remote central air conditioning system 
has the compressor and condenser outside the 
house. The refrigerant is piped to the heat 
exchange coil in the furnace bonnet or air duct. 

It is common practice to set the remote 
condensing unit on a concrete or plastic base in 
the yard. This system is becoming increasingly 


Heat pump: A mechanical refrigeration device used 
for heating and cooling. 


Remote central air conditioning system: System in 
which the compressor and condenser are located 
outside the house. The refrigerant is piped to the heat 
exchange coil in the furnace bonnet or air duct. 


Relative humidity: The amount of moisture, or water 
vapor, in the air compared to the amount the air could 
actually hold at a given pressure and temperature. 


popular because it places the major source of 
noise and vibration where it least affects the 
building. 

The self-contained unit has the heat 
exchange coil in the same cabinet as the 
compressor and condenser. Placed either inside 
or outside the building, warm air passes 
through the cabinet where it is cooled and 
returned to the air distribution system. 


Humidity Control 


Humidity control is the process by which 
moisture is added to or removed from a given 
quantity of air. Relative humidity is the 
amount of moisture (water vapor) in the air 
compared to the amount the air could actually 
hold at a given pressure and temperature. The 
comparison is expressed in percentages. For 
example, a relative humidity of 50% means 
there is half as much water vapor in the air as it 
could hold at that temperature and pressure. 
The comfort range for most people is 30% to 
70% relative humidity. 

Excess moisture in a building comes from 
various sources, such as cooking, cleaning, and 
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washing, as well as from the outside air. To 
remove this moisture from the air, adequate 
ventilation and a dehumidification system are 
necessary. A dehumidification system removes 
the moisture from damp air by passing it over 
cold coils, where it condenses. 

If the air is too dry, a humidification system 
adds moisture to the air by one of the following 
methods: 


e Exposing the air to a large surface of water. 
e Spraying atomized water into the air. 


e Introducing heated water vapor into the air 
(steam). 


Ventilation and Cleaning 
the Air 


Ventilation is the process of changing air 
within an enclosed space by supplying and 
distributing fresh air and exhausting used air. 
Closely tied to ventilation is air filtration. 
Adequate ventilation and air filtration alters 
the properties of the air in an enclosed area in 
the following ways: 


e Replaces oxygen used in human metabolism. 

e Removes carbon dioxide, a waste product 
of metabolism. 

e Reduces the intensity of odors. 

e Removes dust particles. 

e Reduces the bacteria content of the air. 

e Reduces the pollen content of the air. 

e Helps control the moisture in the air. 

The simplest type of ventilation system is 
cross ventilation through open windows. 
However, exhaust fans and forced-air filtration 
and ventilation are generally provided. 
Electrostatic air cleaning, which attracts dirt to 
a charged grid, further improves the properties 
of air in an enclosed area. 


| a a 
History Brief 


In the early 19th Century, municipal water 
systems were constructed in major U.S. cities, 
such as New York, Philadelphia, Boston, and 
| Chicago. 


Installing HVAC 
Systems 


The plumber’s work on the installation of 
an HVAC system is generally limited. 
Responsibilities involve installing piping that 
connects the various components to water, gas, 
or oil supply piping, and possibly to the sani- 
tary sewer. In addition, hydronic heating units 
require extensive piping to circulate the heated 
water or steam. The special practices employed 
by the plumber to install an HVAC system are 
discussed briefly in the remainder of this 
chapter. The basic skills of cutting and fitting 
pipe were discussed in Chapter 20. Only when 
a particular type of HVAC system component 
requires special piping are these requirements 
discussed in this chapter. 


Installing Heating Units 


Gas-fired heating units require natural gas 
piping from the meter to the heating unit. The 
first concern is to select pipe and fittings large 
enough to deliver the proper amount of gas to 
the heating unit. See Figure 25-8. The pipe size 
must be selected by matching the requirements 
of the heating unit with the capacity of the 
various sizes of pipe. Black iron pipe is gener- 
ally used instead of the more expensive galva- 
nized iron pipe. This is satisfactory because gas 
is dry and does not tend to rust pipe and 
fittings. 

The gas supply piping should be assembled 
as shown in Figure 25-9. The drip trap below 
the tee connection is designed to catch any 
foreign particles in the gas piping that might 
damage the heating unit regulator and valves. 
The manual shutoff valve is installed as a 
safety device, and permits disconnection of 
the heating unit without turning off all other 


Ventilation: The process of changing air within an 
enclosed space by supplying and distributing fresh air 
and exhausting used air. 


Cross ventilation: Ventilation through open windows. 
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Capacity of Pipe to Carry Gas in CU. FT./HR. 


3050 
2100 
1650 
1450 
1270 
1150 
1050 


17,500 

12,000 
9700 
8300 
7400 
6800 
6200 | 


3300 
2700 
2300 
2000 
1850 
1700 


5900 
4700 | 
4100 
3600 
3250 
3000 


5800 | 
5400 | 
5100 
4500 | 
4100 
3800 | 


990 1600 
930 1500 
870 1400 
780 1250 
710 1130 
650 1050 


2800 
2600 
2500 
2200 | 
2000 | 
1850 


following the requirements given in this chart. (North American Heating and Air Conditioning Wholesalers Assoc.) 


A To gas main 


Thermocouple 


Manual gas valve 
when required 


Combination 
pressure regulator 
and gas control valve 


Figure 25-9. A drip trap is installed in vertical gas 
piping immediately before the piping connects to the 
heating unit. 


Gas supply =—>Q Hil } 


A cock 


B cock 


Pressure 
regulator 


a Pilot filter 


gas-fueled equipment. The burner unit of a 
typical gas-fired heating unit is shown in 
Figure 25-10. Note that the valve (B Cock) for 
the pilot permits control of the pilot inde- 
pendent of the main burner. 

Oil-fired heating units require the installa- 
tion of a storage tank for fuel oil and piping to 
carry the fuel to the heating unit. Figure 25-11 
illustrates the correct installation of a fuel oil 
storage tank inside a building. Note that a 2” 
filler pipe and a 1%” vent pipe extend to the 
outside of the structure. A shutoff valve and 
filter are installed at the outlet of the tank to 
permit control of the fuel supply and trap any 
particles that may have entered the tank. 
Figure 25-12 shows the proper installation of 
an underground fuel oil tank. This type of 
installation requires a pump to deliver the fuel 


Safety Automatic Venturi orifice 
valve 


valve 


generator 


Figure 25-10. A typical burner unit of a gas-fired heating unit. (North American Heating and Air Conditioning 


Wholesalers Assoc.) 
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Vent cap 


i 
1%” vent 
A fill line 


Oil burner 


Pump 


Shutoff 


y valves 


Filter 


Ye” OD 

copper suction line 
Figure 25-11. The installation of a fuel oil storage 
tank inside a building requires an outside filler pipe 
and vent pipe. (North American Heating and Air 
Conditioning Wholesalers Assoc.) 


2” fill pipe 


Oil storage 
tank 


Approximately 3” l 


Double elbow swing 
joint to relieve pipe strain 


oil to the burner. Since all the oil delivered by 
the pump may not be burned, a return line is 
installed so the excess can flow back to the 
tank. Some codes require the installation of 
safety valves near the heating unit that auto- 
matically turn off the fuel oil supply in case 
of fire. 

Installing solar collector panels, Figure 25-13, 
requires piping that connects to a heat 
exchanger. Neither the panels nor the piping is 
standardized. The plumber must carefully 
follow the plans supplied by the architect or 
engineer. 

Installation of piping for hydronic or 
radiant heating requires quality work in 
cutting and fitting the pipe. Since there is a 
great deal of pressure exerted by the hot water 
and steam, special precautions should be 
observed to make certain all pipe and fittings 
are properly installed. In a radiant system, the 
pipe is assembled and embedded in the 
flooring material. Such piping must be tested 
before the floor is placed. Leaks are expensive 
to repair once the flooring is installed. 


114” to 1%” vent 


Copper suction and return pipes — 
run to opposite end of tank 


Set tank 2 or 3” lower on fill end to facilitate pumping out 


water and sludge, or set level if manhole is installed 


Figure 25-12. A fuel oil supply installed below ground is fitted with an intake line and a return line from the pump 
to avoid trapping air. (North American Heating and Air Conditioning Wholesalers Assoc.) 


Two panes of glass 


Insulation a 
= Blackened aluminum 


Figure 25-13. Solar heating panels collect heat by 
circulating water through tubing attached to a black- 
ened plate. The plate absorbs heat, which is then con- 
ducted to the tubing. 


Copper tubing 


Piping connections in hydronic heating 
systems should be made according to the 
manufacturer’s directions, unless local codes 
require a different piping arrangement. The 
local codes must always be followed. 

In forced-circulation hydronic systems, it is 
not necessary to pitch horizontal sections of 
piping so that all water drains toward the 
boiler. However, piping must be installed in a 
manner that prevents air pockets in the pipes. 
Trapped air reduces the efficiency of the system 
and may cause it to be noisy during operation. 
When it is impossible to eliminate potential air 
traps, vents must be installed as shown in 
Figure 25-14. 

Install drain valves at all low points to 
permit all the water to be drained from the 


Manual 
air vent 


90° ell A Main over beam 


Figure 25-14. Vent potential air pockets in hydronic 
heating systems. (North American Heating and Air 
Conditioning Wholesalers Assoc.) 
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system, Figure 25-15. Water trapped in the 
piping could freeze, causing considerable 
damage should the system be shut down 
during cold weather. 

Install pipe hangers to reduce vibration and 
prevent sagging of pipes, Figure 25-16. Hanger 
spacing depends on the nominal pipe size, as 
shown in the chart in Figure 25-17. 


Floor plate 


14 ae 


EI 
Pace 


a 
Figure 25-15. Drains are installed at low points in 
hydronic heating systems, which permits the system 
to be completely drained. 


LS RE RARER a aE 


Tubing 


90° ell 


Figure 25-16. Providing support for piping prevents 
noise and sagging. (North American Heating and Air 
Conditioning Wholesalers Assoc.) 


i 

E 5 | 
EA 9 | 
12 10 
3 12 | 
p” 13 | 
i 


4 14 


hangers on hydronic piping by using the values in this 
iable. 
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Since metal pipe expands when it is heated, 
hangers should allow some movement in the 
pipe. Pipe should not bind on any part of the 
building. Allowances for the expansion of iron 
and copper pipe can be calculated from the 
values presented in Figure 25-18. By making 
the necessary allowances, noise- and leak- 
causing pressure on fittings can be eliminated. 

The installation of radiators is illustrated in 
Figure 25-19. Note that some radiators should 
be installed with a slight pitch. Consult the 
manufacturer’s directions before attaching the 
radiator. 


requires allowances for small amounts of movement. 


Baseboard 
Radiator radiator 
valve 
i 
Stub : i 


45° ell 


Forced flow tee 
Standard piping arrangement 


Air vent 


Heating element 


a B 
A Floor line 1 | 
] l 


i Radiator may need to be slanted | 
| to function correctly ' 


Figure 25-19. Connect radiators/convectors to the 
hydronic system by using tees and elbows. 
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Figure 25-20 illustrates the connection of a 
hydronic unit heater. Valves control the water 
supply to the heater, the return to the boiler, 
and drainage of the unit. 


Installing Refrigeration 
Units 


Some refrigeration units require a drain 
pipe to the DWV piping system. As air passes 
through the refrigeration unit, moisture 
condenses on the coils and must be drained 
away. This is usually a simple process. Connect 
a small diameter pipe to the DWV piping or 
run a pipe to a location near a floor drain. 


All outlets of the potable water system 
| must be protected from backflow (cross con- 
| nection) by an air gap, atmospheric-type vac- 
| uum breaker, pressure-type vacuum breaker, 
| or hose connection backflow preventer. 


Installing Humidifiers and 
Dehumidifiers 


Humidifiers require that water be piped to 
them. Generally, soft copper tubing is used. In 


Square head _ Rapin 


cock 


Pet cock 


Union \ ] 


Drain valve 


Figure 25-20. Standard piping for a hydronic unit 
heater includes valves. 


many cases, the tubing is connected to the cold 
water supply piping by a saddle valve. See 
Figure 25-21. 


Installing a Saddle Valve 


To install the saddle valve: 


1. Remove dirt and corrosion from the surface 
of the pipe at the point where the tap is to be 
made. 


2. Install the saddle strap and valve housing 
around the pipe. 


3. If the water supply system is in operation, 
shut off the water. 


4. Some saddle valves have guides for drilling. 
See Figure 25-22. Attach a drill guide to the 
housing. The guide has threads that match 
those on the valve housing. 


5. Using a portable electrical drill and a metal- 
cutting bit (usually %4”), drill a hole in the wall 
of the pipe. 

6. Remove the drill guide and clean out metal 
chips. 


Packing nut 
and stem 


Drill guide 
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Figure 25-21. A saddle valve is frequently used to 
connect humidifiers to the water supply piping. (Parker 
Hannifen Corp.) 


7. Install the faucet or the stem and packing 
nut, depending on the type of saddle valve. 

8. Turn on the water supply valve. 

9. Test the saddie valve for proper operation 


and to flush out remaining chips of metal left 
behind by the drilling operation. 


Plumbing for dehumidifiers on central air 
conditioning systems is the same as the proce- 
dure described for the refrigeration unit. 
Sometimes separate dehumidifiers are 
installed. Most of these units are portable and 
are not connected to the plumbing. 


Packing nut 
and stem pi 


housing 


Drill guide 


Figure 25-22. An illustration of three types of saddle valves as they are attached to pipe and ready for drilling an 


opening in the pipe. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


ite 


The abbreviation HVAC stands for : 

A. humidifying, venting, and air cooling 

B. heating, ventilating, and air 
conditioning 

C. heat, vacuum, and air control 

D. hydronic heat, ventilation, and air 
compression 


. The basic components of an HVAC system 


that provides temperature control are the 
unit and the unit. 

A. ventilation; heating 

B. ventilation; refrigeration 

C. heating; refrigeration 

D. humidifier; heating 


. The energy sources used to produce heat 


include 

A. gas and fuel oil 

B. electricity and coal 

C. wood and solar energy 
D. All of the above. 


. Dehumidifiers function to 


A. add moisture to the air 

B. remove contaminants from the air 
C. remove moisture from the air 

D. None of the above. 


. Ventilation and air filtration alter the prop- 


erties of the air in a building in seven ways. 
List four of the seven. 


. A gas-fired heating unit that requires 30’ of 


gas pipe to be connected to the main and 
consumes gas at a rate of 130 ft per hour 
should be connected with pipe having a 
diameter of inches. 

A. % 


. To prevent solid particles from passing 


through the gas piping where they could 
damage the regulator and valves in the 
heating unit, a is installed. 

A. drip trap 

B EE 

C. strainer 

D. pipe nipple 


1G 


2, 


. The efficiency of hydronic heating systems 


is reduced by air trapped in the system. 
are installed at any high point in the 

piping to eliminate trapped air. 

A. Traps 

B. Air gaps 

C. Larger pipes 

D. Vents 


. Pipe hangers on 1” diameter pipe used for a 


hydronic heating system should be spaced 
a maximum of apart. 

A. 4’ 

B. 6 

C7 

DES 

When installing a humidifier, soft copper 
tubing is connected to the cold water 
supply piping using a , 

A. union 

B. saddle valve 

C. tee and an adapter 

D. brass compression fitting 


Suggested Activities 
ik 


Study the HVAC system in your own home 

and, if possible, several other buildings to: 

A. Find out what type of components are 
in the system. 

B. Learn how the heating unit is connected 
to the energy supply. 

C. Determine what special requirements of 
other components have been satisfied 
through some type of piping. 

Investigate the HVAC system in your 

school or business and compare its compo- 

nents and installation to that usually found 
in a residential structure. 


Swimming 
Pools, Hot Tubs, 
and Spas 


Objectives 
This chapter details three common luxury items 


that may be found in a residence—swimming 
pools, hot tubs, and spas. 


gee studying this chapter, you will be able to: 
Identify and describe the basic components 
of swimming pools, hot tubs, and spas. 


e Describe design considerations important 
to the construction of swimming pools, hot 
tubs, and spas. 

e Explain the installation of swimming pools, 
hot tubs, and spas. 


Technical Terms 


Spas Bathing load 
Shotcrete Turnover rate 
Hot tubs Filters 
Capacity Sand filters 


Spas: Luxury items made from a variety of materials, 
such as fiberglass, stainless steel, concrete, and 
shotcrete. 

Shotcrete: A sand-cement mixture applied by 
spraying it over steel reinforcing material. 

Hot tubs: Luxury items that operate the same way as 
spas but are usually constructed with round or oval 
wooden tubs. 


Backwashing Hydrojets 
Diatomaceous earth Venturi 

(DE) filters Skimmers 
Diatomaceous earth Scum gutters 
Pumps 


Swimming pools, hot tubs, and spas are 
available in a variety of styles and sizes. The 
basic components of all three systems are 
similar, so the plumbing requirements have 
much in common. This chapter will provide an 
overview of the basic components, discuss 
design considerations, and present installation 
requirements. 


Code Note 
If a hose is used to fill a spa, hot tub, or 
swimming pool, the faucet must be equipped 


with a backflow preventer so there is no 
chance that water from the unit can be drawn 
into the potable water supply. 


Spas are made from a variety of materials 
such as fiberglass, stainless steel, concrete, and 
shotcrete. Shotcrete is a sand-cement mixture 
applied by spraying it over steel reinforcing 
material. Both concrete and shotcrete structures 
may be lined with ceramic tile. Hot tubs 
operate the same way as spas, but they are 
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usually constructed with round or oval 
wooden tubs. The mechanical equipment and 
the piping for spas and hot tubs are similar. 

Shotcrete and concrete are also used to 
construct swimming pools. Since spas and 
pools made from these materials are 
constructed on the site, they involve more 
plumbing than prepackaged units. Many spas 
and hot tubs do not require a direct connection 
to the plumbing system, and are commonly 
filled using a hose. When these units must be 
drained, a hose can be attached and the water 
directed outside or into a floor drain. The same 
may be true for smaller swimming pools. 

Large spas and swimming pools, however, 
are likely to require direct connection to the 
plumbing system. 


|) 


History Brief 


The ancient Roman baths were primarily 
large aquatic recreational facilities where 


hundreds of citizens at a time could relax, 
soak, and socialize. Personal hygiene was a 
secondary function. 


Design 
Considerations 


The design and installation of swimming 
pools, hot tubs, and spas are regulated to 
provide for the public health and safety. In 
most communities, the health department is 
responsible for inspecting and approving these 
installations. The code requirements for these 
facilities vary somewhat. For a particular 
installation, it will be necessary to contact local 
officials to learn specific requirements. 

The primary considerations when selecting 
pumps and filters include the capacity of the 
hot tub or pool, the bathing load, and the turn- 
over rate. The capacity of a tub or pool is the 
amount of water it holds, measured in gallons. 
The bathing load is the maximum number of 
people who will use the facility per hour. The 
turnover rate is the frequency with which 
the total volume of water in the tub or pool is 


circulated through the filter. Figure 26-1 
provides several examples of the relationship 
between these variables. Note that the smallest 
size pool shown in this figure has a capacity of 
31,600 gallons. Depending on the turnover rate, 
this pool could accommodate as many as 23 or 
as few as 3 bathers per hour. If the pool’s total 
capacity (31,600 gallons of water) is filtered 
once every 6 hours, the bathing load per hour 
could be 23. However, if the turnover rate is 12 
hours, only 3 bathers per hour should use the 
facility. Most public pools operate with a 6-8 
hour turnover rate, so they can accommodate a 
larger number of people. 

The filter selected must be able to process 
the required volume of water. For large pools, 
this typically means that two or more filters are 
installed in parallel. Pumps must not only be 
able to move the required volume of water, but 
must also produce the pressure necessary to 
force the water through the filtering system, 
the other devices in the system, and the piping. 


“History Brie 
Native Americans were the first people in 
what is now the U.S. to make use of natural 


hot springs for therapeutic purposes. Many of 
these hot springs have been developed into 
elaborate spas that attract people from a wide 
geographic area. 


Basic Components 


In addition to the tub or pool itself, such 
components as filters, pumps, heaters, skim- 
mers, and blowers are necessary to complete 
the system. Spas, hot tubs, and smaller swim- 
ming pools are often sold in prepackaged units, 
Figure 26-2. These units are matched to the spa, 


Capacity: The amount of water a tub or pool holds. 


Bathing load: The maximum number of people who 
will use the facility per hour. 


Turnover rate: The frequency with which the total 
volume of water in the tub or pool is circulated 
through the filter. 
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| 
tBathing load per hour based on refiltration rate indicated. For daily bathing load, multiply by 
hours in operating day. 


Figure 26-1. Sizing of pumps and filters is directly related to the water capacity and bathing load. (Josam 
Manufacturing Co.) 


Figure 26-2. A prepackaged spa, hot tub, or swimming pool may not require any connection to the plumbing 
system. 
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hot tub, or pool’s size and frequency of use. 
Whether the equipment is prepackaged or 
purchased as separate components, all systems 
must include the basic components. 


Filters 


Filters remove contaminants that would 
otherwise make the water unsuitable for 
bathing. Smaller systems usually contain 
cartridge filters. (Cartridge filters are discussed 
in Chapter 12.) The maintenance of these units 
is relatively simple. All that is normally 
required is periodic washing or replacement of 
the filter. 

In larger installations, sand or diatoma- 
ceous earth filters are frequently used. Sand 
filters, Figure 26-3, are sealed tanks into which 
carefully graded (sized) sand has been placed. 
The sand acts as a filter. Sand filters are 
plumbed to permit them to be backwashed. 
Backwashing is the process of running water 
through the filter in the direction opposite that 
which it runs during normal operation. This 
action cleans the filter medium by flushing out 
the trapped contaminants. 

During backwashing, the normal inlet of 
the filter is turned off and an outlet is opened to 


Backwash 
indicator 


Gauge ——») 
Dial valve 


Tank 
Sand 


Deflector 


Standpipe 
(lower) | array ce hs 
Underdrain AC a 
Gravel 4 > ath 
5 A Pump 
case and 
strainer 
Figure 26-3. Sand filters must be plumbed to permit 
periodic backwashing. (Hallmark Pool Corporation) 


Drain 


permit the flushing water to escape. This water 
may be permitted to go directly into the sani- 
tary sewer, or it may require treatment before 
being discharged into the sewer. 
Diatomaceous earth (DE) filters consist 
of a series of layers of porous material that is 
coated with diatomaceous earth, Figure 26-4. 
(Diatomaceous earth is a light, sandlike mate- 
rial composed of the almost microscopic shells 
of certain algae.) The DE coating produces a 
very fine filter that removes very small parti- 
cles from the water. Like a sand filter, the DE 
filter must be backwashed. Following the back- 
wash, the layers of porous material are 
recoated with a fresh supply of DE. This oper- 
ation is somewhat more complicated than 


Diatomaceous 
earth coating 


Figure 26-4. DE filters consist of several layers of 
porous material that are coated with diatomaceous 
earth. 


Filter: Component of a tub or pool that removes 
contaminants that would otherwise make the water 
unsuitable for bathing. 


Sand filters: Sealed tanks into which carefully graded 
(sized) sand has been placed. 


Backwashing: The process of running water through 
the filter in the direction opposite that which it runs 
during normal operation in order to clean the filter 
medium by flushing out the trapped contaminants. 


Diatomaceous earth (DE) filters: Filters that consist of 
a series of layers of porous material that is coated with 
diatomaceous earth. 


Diatomaceous earth: A light, sandlike material 
composed of the almost microscopic shells of certain 
algae. 
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rinsing or replacing cartridge filters, but for 
large pools, DE filters are more efficient. 

A pressure gauge should be installed on 
both the inlet and outlet of a sand or DE filter. 
By checking the difference in these pressure 
readings, it is possible to determine when the 
filter needs to be serviced. 

For installations involving two or more 
filters, it is common practice to install valves 
and piping to permit filters to be removed from 
service individually, without shutting down 
the entire system. 


Pumps 


Pumps are used to circulate water through 
filters and the heater. Since the water in a spa, 
hot tub, or swimming pool is seldom replaced, 
it must be filtered. This requires a pump to 
move the water through the filter medium. 
Likewise, if the water is to be heated, it must be 
pumped to a heater and returned to the tub or 
pool. The rated capacity of the pump must be 
carefully matched with the filter requirements. 
Excessive pressure will cause water to flow too 
quickly through the filter, while inadequate 
pressure will not move the required volume of 
water. Some filters require more pressure than 
others to operate effectively. 

A spa outfitted with hydrojets will require a 
larger pump. Hydrojets, Figure 26-5, use a 
venturi (narrowed section) to draw air into the 
stream of water. This results in a bubbling, 
massaging effect. 

Installing a heater and other accessories 
adds to the demand placed on the pump. The 
type of pipe and fittings in the system also 
must be considered when pump size is being 
determined. Friction loss for each of these 
items must be taken into account. 


Pumps: Component of a tub or pool that is used to 
circulate water through filters and the heater. 


Hydrojets: Spa accessories that use a venturi to 
produce bubbling, massaging effect. 

Venturi: Narrowed section of hydrojets that draw air 
into water. 
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Air 
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with 


Hydrojet 
stream 


Venturi 


Tub wall 


Figure 26-5. Hydrojets use a venturi to draw air into a 
flowing stream of water. 


For new installations of large pools, the 
design must be approved by the local health 
department. This often means that an engineer 
must prepare the drawings and specifications 
before the inspectors will review them. 
Therefore, new installations are carefully sized 
and checked. Replacement of components in 
an existing system is not as carefully regulated. 
It is extremely important that replacement 
components be carefully selected so they are 
compatible with the other parts of the system. 


Heaters 


Spas and hot tubs always have heaters, 
while heaters installed on swimming pools 
extend their use by approximately two months 
per season. A heater may use electricity, natural 
gas, propane, fuel oil, wood, or solar energy. 
For installations where a constant temperature 
is to be maintained, a relatively small heater 
will be effective. In cases where the unit will be 
turned off between uses, a larger capacity unit 
should be installed to achieve the desired water 
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temperature relatively quickly. If the spa or hot 
tub is used infrequently, the energy savings 
from permitting the water to cool between uses 
will be considerable. For swimming pool 
installations, a continuously operating heating 
unit is generally more practical because the 
delay required to heat such a large volume of 
water would be inconvenient. 


Skimmers and Scum 
Gutters 


Floating debris is removed by skimmers 
and/or scum gutters, Figure 26-6. Skimmers 
are installed in spas, hot tubs, and pools. 
Skimmers have a removable basket that must 


Sd N 


Hh RX 


To pump / 


suction 2” line 2” equalizer line 


SECTION VIEW 


Flat scum 
gutter fitting 
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be cleaned regularly. Scum gutters are used in 
large pools. The water that enters a skimmer or 
scum gutter is piped to the filter before it is 
returned to the pool. 


Blowers 


Blowers give the water in spas and hot tubs a 
bubbling effect. Blowers inject air into the water. 
Unlike hydrojets, which are primarily streams of 
water, blowers inject only air. Therefore, the 
blower action is more gentle than that produced 
by hydrojets. Molded fiberglass spas have a 
blower manifold molded into the tub. Hot tubs 
and spas made from material other than fiber- 
glass may require a blower ring that is installed 
at the bottom of the tub, Figure 26-7. 


TYPICAL SCUM 
GUTTER PROFILES 


y Bullnose coping 


Full angle fitting 


Figure 26-6. Skimmers and scum gutters remove floating debris. (United Industries, Inc.) 
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Air control 


Air 
control 


Blower 


Suction line 
ring 


To air 
blower 
Figure 26-7. Blower rings are installed inside a hot tub 
and connected to the blower by a pipe that passes 
through the tub wall. 


Other Components 


It is possible to add water treatment devices 
such as ionizers, ozone generators, and ultravi- 
olet sterilizers to spas and hot tubs. These 
devices are generally too expensive to be prac- 
tical for the volume of water in a swimming 
pool. Swimming pools may have chlorinators 
to automatically add chlorine to the water for 
purification purposes. For more information 
about this type of equipment, see Chapter 12, 
Water Treatment. 


Code Note 


Standards for the construction of perma- 
nently installed residential spas, portable spas, 
| and swimming pools have been developed by 
| the American National Standards Institute and 
the National Spa and Pool Institute. Many local 
| authorities have made these standards part of 


| their building regulations. | 


Skimmers: Installed in hot tubs, spas, and pools. 
Consists of a removable basket that must be cleaned 
regularly in order to remove floating debris. 


Scum gutters: Used in large pools to clean out debris. 
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Installing Spas, Hot 
Tubs, and Swimming 
Pools 


If a complete preplumbed package is 
purchased, simply fill the tub or pool and 
connect the pump and heater to the electrical 
power supply. If the unit is to be connected to 
the water supply, a backflow preventer will be 
required. Likewise, if the unit is to be 
connected directly to the sanitary sewer, a 
backflow preventer is normally required to 
ensure that sewage does not enter the unit. 

Custom-designed units require consider- 
ably more plumbing, Figure 26-8. Shotcrete or 
concrete spas and pools require that all below- 
grade pipe and fittings be installed before the 
shotcrete or concrete is placed. 

The main drain is installed at the lowest 
point in the pool. Figure 26-9 illustrates a 
typical installation. Note the hydrostatic pres- 
sure relief valve and the pebble and gravel 
stopper. In-ground pools often extend below 
the water table. This is not a problem when the 
pool is filled with water. However, when the 
pool is empty, hydrostatic pressure from the 
water below the pool can lift the unit, causing 
extensive damage to the piping. The hydro- 
static relief valve prevents this problem by 
allowing the underground water to enter the 
pool. This relieves the hydrostatic pressure. 

To prevent possible cross-connection with 
the potable water supply, a float valve with 
backflow protection can be used. For many 
pools, it is easier to install a fill pipe with a 
spout that maintains an air gap above the pool 
overflow level, Figure 26-10. 

Figure 26-11 illustrates the piping connec- 
tions for a typical in-ground pool. The pump 
and filter may be located some distance from 
the pool. A strainer is installed on the inlet side 
of the pump to intercept and trap hair and 
other debris that might damage the pump. Pipe 
sizing is very important — plans furnished by 
the engineer should be followed exactly to 
prevent oversizing or undersizing pipe and 
fittings. 
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Figure 26-8. Typical piping drawing for a swimming pool. Note the separate piping for the inlet water, vacuum 
return water, scum gutter drain, and main drain. (United Industries, Inc.) 
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Figure 26-9. Hydrostatic pressure below an in-ground 
swimming pool is released by a relief valve that per- 
mits groundwater to enter the empty pool. (United 
Industries, Inc.) 
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Formed fill spout 
(install underneath 
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Figure 26-10. To prevent cross-connection between the potable water supply and a pool, install a fill spout that 
maintains a minimum 6” air gap above the pool overflow. (United Industries, Inc.) 
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Figure 26-11. Plumbing for a typical in-ground pool. (United Industries, Inc.) 
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Test Your Knowledge 


Wri 


te your answers on a separate sheet of paper. 


Do not write in this book. 


Il 


. Hydrojets make use of the 


True or False? Prepackaged spas often do 
not require any direct connection to the 
plumbing system. 


. True or False? Hose bibbs or faucets that 


may be used to fill spas, hot tubs, or swim- 
ming pools must be equipped with vacuum 
breakers. 


. Describe the relationship between the 


volume of water in a swimming pool, the 
number of swimmers, and the size of the 


pump. 


. What three types of filters may be used in 


spas, hot tubs, and swimming pools? 


: should be installed at the inlet and 


outlet of the filter to help determine when 
the filter should be serviced. 

A. Flowmeters 

B. Pressure gauges 

C. Regulators 

D. Sight glasses 

principle 
to draw air into a flowing stream of water. 
A. aeration 

B. infiltration 

C. injection 

D. venturi 


. If a spa is to be used infrequently, the heater 


should be (larger/smaller). 


. The force that could lift an empty in-ground 


pool, causing damage to the piping, is 
called : 
. hydrostatic pressure 
water-table lift 
. water pressure 
. buoyancy 


OOwWS 


9. 


10. 


Floating debris is removed from a spa by a 
A. scum gutter 

B. drain 

C. skimmer 

D. strainer 

Floating debris is removed from a swim- 
ming pool by located around the 
perimeter of the pool. 

. scum gutters 

drains 

skimmers 

. strainers 


GOW > 


Suggested Activities 
i. 


Contact the local health department to 
obtain a copy of the code(s) for swimming 
pools, spas, and hot tubs. 


. Arrange to visit a large swimming pool and 


discuss the plumbing, filtering, and 


pumping equipment with the operator. 


. Contact a firm specializing in swimming 


pool, spa, and/or hot tub construction. 
Obtain manufacturer’s literature about the 
plumbing, filtering, and pumping equip- 
ment that they utilize. 


. Contact a firm specializing in swimming 


pool, spa, and/or hot tub maintenance and 
repair. Discuss with them the types of prob- 
lems that they encounter and how 
improved plumbing practices could help 
solve some of these problems. 


Irrigation 
Systems 


Objectives 

This chapter describes the components and 
materials used in lawn and garden irrigation 
systems. It outlines basic principles for installa- 
tion of these systems. 


After studying this chapter, you will be able to: 

e List four basic considerations for satisfac- 
tory operation of sprinkler systems. 

e Explain the importance of water pressure in 
the operation of sprinkler heads. 

e List the factors that can cause pressure loss. 
e Name and describe the operation of the 
three principal types of sprinkler heads. 

e Describe the processes of designing, laying 
out, and installing a lawn or garden sprin- 
kling system. 

e Describe the differences between a sprin- 
kler system and drip irrigation system. 


Sprinkler system: Type of irrigation system that 
consists of an underground network of piping and 
sprinkler heads. 

Drip irrigation system: Type of irrigation system 
consisting of tubing near the surface of the ground 
with smaller tubes that lead to drip heads at the base 
of plants. 


Technical Terms 


Sprinkler systems Pop-up action 
Drip irrigation Fixed spray head 
systems Rotary-type 
Water pressure sprinkler heads 
Friction Wave-type sprinkler 
Spray-type sprinkler heads 
head Zone control valves 


Two basic types of irrigation systems are 
used for lawn and garden watering—sprinkler 
systems and drip irrigation systems. Sprinkler 
systems consist of an underground network of 
piping and sprinkler heads. They have become 
increasingly popular for homes, commercial 
buildings, and golf courses. Part of this 
growing popularity is due to cheaper installa- 
tion costs resulting from the introduction of 
lower-priced, durable plastic materials. A 
second factor is new technology that has cut 
down installation time. The introduction of a 
wide variety of sprinkler heads makes it 
possible to custom-design an effective sprin- 
kler system for any lawn or garden. Sprinkler 
system design and installation is described in 
the next section of this chapter. 

The need to conserve water has led to the 
development of drip irrigation systems, which 
are lower in cost and easier to install than 
sprinkler systems. Drip irrigation systems 
consist of tubing near the surface of the ground 
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with smaller tubes that lead to drip heads at the 
base of plants. These systems are discussed in 
the final section of this chapter. 


The American Water Works Association 
has documented that at least 50% of the total 
water consumption for the typical household is 


used for irrigation. 


Sprinkler System 
Design 


To a large extent, the equipment used in the 
sprinkler system will determine where the 
sprinkler heads are located. However, no 
matter which components are used, certain 
basic considerations must be satisfied for the 
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Residence 


system to function effectively. These basic 

considerations are: 

e The design must provide for controlled 
coverage of the area to be watered. 

e The sprinkler system must make the most 
of existing water pressure. 

e Maintenance and repair costs should be 
included in the total cost of the sprinkler 
system. 

e In cold climates, the system must be 
designed to prevent freeze damage. 


Controlled Precipitation 
Coverage 


The ‘sprinkler system designer will deter- 
mine the type and location of sprinkler heads 
using a detailed plot plan of the property. One 
such plan is shown in Figure 27-1. The factors 


Turnaround 


Drive 


—— Street 


Figure 27-1. Using a plot plan, the designer will locate the sprinkler heads so that all lawn or garden areas are 


adequately watered. 


that must be considered when making sprin- 
kler head decisions include: 


e The type of plant material to be watered. 
e The slope of the ground. 
e The porosity of the soil. 


e The amount of water a particular type of 
sprinkler head will deliver. 


e The area that a given type of sprinkler head 
will water. 


Study Figure 27-1 again. Note where the 
designer has placed the sprinkler heads. No 
part of the lawn will be left unwatered. 


Effect of Water Pressure 


Water pressure is an important considera- 
tion in the design of sprinkling systems, 
because it has such a great effect on sprinkler 
head operation. The heads require considerable 
water pressure. The designer must be aware of 
the pressure available, as well as the pressure 
losses that can be expected from friction. 

Friction is the drag, or resistance to water 
flow, exerted by the walls of the pipe and 
fittings. Several factors must be combined to 
estimate accurately the total friction loss for the 
system: 


e The diameter of the pipe. 
e The length of the pipe. 
e The number of fittings. 
e The type of fittings used. 


The designer can minimize pressure drop 
by keeping pipe runs as short as possible and 
by keeping fittings to a minimum. Pressure 
drop can also be kept to a minimum by 


Water pressure: An important consideration in the 
design of sprinkling systems because a higher amount 
is needed for proper sprinkler head operation. 


Friction: The drag, or resistance to water flow, exerted 
by the walls of the pipe and fittings. 


Spray-type sprinkler head: The most common sprin- 
kler head for residential lawn watering. The spray- 
type sprinkler head is installed flush with the surface 
of the ground. When the water is turned on, the spray 
nozzle rises above the grass. 
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dividing the system into several units that 
sprinkle at different times. This method is often 
used when the system will require more water 
flow than can be delivered by the normal resi- 
dential water supply piping. 


Protection against 
Freezing 


Where freezing temperatures are likely to 
occur, the sprinkler system must be designed 
so that it can be drained. Water expands when 
it freezes. If water is allowed to stand in the 
system in cold weather, it will result in broken 
pipes, valves, and sprinkler heads. Drains 
should be placed at low points in the system. 
All piping should slope toward the drains. 


Types of Sprinkler 


Heads 


Sprinkler heads fall into three principal 
categories: 


e Spray-type. 
e Rotary-type. 
e Wave-type. 


Each type is available in several models 
designed to meet specific requirements. The 
wide selection of heads allows the designer to 
tailor the system to any type of need. 

The head type or model selected for any 
single installation will depend on: 


e The location of the head in the sprinkler 
system. 


e The type of plant life to be watered. 
e The distance from other sprinkler heads. 


Many sprinkler heads are adjustable. They 
can be made to limit either the area they will 
cover or the amount of water that passes 
through them. 


Spray-lype Heads 


The pop-up spray-type sprinkler head, 
Figure 27-2, is probably the most common for 


456 Section 3. Plumbing System Design and Installation 


A; 


Figure 27-2. Pop-up spray valves are generally used 
for residential lawn sprinkler systems. A—Sprinkler 
heads are available in various sizes for different appli- 
cations. B—Cutaway view of a pop-up sprinkler. (Rain 
Bird Corporation) 


residential lawn watering. This head is 
installed flush with the surface of the ground. 
When the water is turned on, water pressure 
causes the spray nozzle to rise above the grass. 
This pop-up action permits the spray head to 
deliver water without interference, Figure 27-3. 


Figure 27-3. The nozzles of pop-up valves rise above 
the grass when the water is turned on. (Image cour- 
tesy of Rain Bird Corporation ) 


When the water is turned off, the spray nozzle 
drops back into the spray head. This feature 
permits unobstructed use of the lawn while 
preventing damage to the sprinkler heads. 

A variation of the spray-type sprinkler head 
is installed on the end of a short length of pipe 
that extends above the foliage, Figure 27-4. 
This fixed spray head does not have the pop-up 
feature and is generally installed in flowerbeds 
or areas planted in some type of ground cover 
that is of uniform height. Because traffic in 
flowerbeds is very limited, such spray nozzles 
are not likely to be damaged. 


Rotary-Type Heads 


Rotary-type sprinkler heads can cover a 
larger area than the spray-type head. However, 
they require higher water pressure 


Rotary 


Figure 27-4. The fixed spray head is generally 
installed in flowerbeds. (Weather-matic Div., Telsco Ind.) 


Pop-up action: The effect of water pressure causing 
the spray nozzle to rise above the grass in a spray- 
type sprinkler head. 

Fixed spray head: A variation of the spray-type sprin- 
kler head that does not have the pop-up feature. 
Rotary-type sprinkler head: Type of sprinkler head 
that requires higher water pressure and covers a large 
area. 


sprinkler heads have a nozzle that turns, or 
rotates, as water flows through it. The pop-up 
rotary sprinkler is widely used for residential 
installations, Figure 27-5. Many pop-up rotary 
sprinkler heads contain two nozzles. One 
provides coverage of the ground at the greatest 
distance from the nozzle. The second covers 
the ground near the nozzle. See Figure 27-6. 

Rotary sprinkler heads are also made for 
installation above ground, Figure 27-7. These 
nozzles function effectively when installed in 
locations where they will not be damaged by 
foot traffic. 


Wave- Type Heads 


Wave-type sprinkler heads are designed to 
cover a large rectangular area, Figure 27-8. 
Fewer sprinkler heads are needed than with 
rotary- and spray-type units. The nozzle is 
adjustable to water rectangles of various sizes. 


Backflow preventers are required at the 

point where the irrigation system connects to 

| the potable water supply. This device prevents 
contaminants from being accidentally drawn 
into the potable water supply. 


po ented 


Sprinkler System 
Installation 


Each type of sprinkler system has its own 
special installation requirements. Therefore, 
only general practices common to installing 
most systems will be discussed. Manu- 
facturers’ instructions and local codes will 
provide the detailed information required. 


sss anemia 


Wave-type sprinkler heads: Type of sprinkler head 
that is adjustable to water rectangles of various sizes. 
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Figure 27-5. Pop-up rotary-type spray heads will 
cover large areas of lawn. A—Several sizes of spray 
heads. B—Cutaway shows the spring arrangement 
that retracts the nozzle after water is shut off. (Rain 
Bird Corporation) 
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Figure 27-6. The two nozzles of a rotary head provide 
uniform sprinkling. (Image courtesy of Rain Bird 
Corporation) 


Layout of the System 


Working from the designer’s plot plan, the 
installer will need to: 


e Locate the water source. 
e Find a location for the controls. 
e Lay out the sprinkler heads. 


Once these tasks have been accomplished, 
the pipe runs can be established. Because it is 


Flapper mechanism 
causes nozzle to rotate 


qI 


Figure 27-7. This rotary head can be permanently 
mounted above ground level. (Rain Bird Corporation) 


Figure 27-8. A wave sprinkler head distributes water 
over rectangular area. The sweep times the width 
equals the total area of coverage. (Toro Mfg. Corp.) 


necessary to balance the water supply and the 
nozzles on a given pipe run, the installer 
should follow the plan carefully. No change 
should be made without approval of the 
designer. Unless the sprinkler heads are care- 
fully placed, they may not provide complete, 
uniform watering of the area. This requires 
careful measurements and frequent checks for 
accuracy. 


Pipe Laying 


New pipe laying equipment has simplified 
sprinkler installation. Hand digging of 
trenches, Figure 27-9, has been replaced by the 


Square-tipped shovel 


Figure 27-9. Trenching with a shovel has largely been 
replaced by faster mechanized methods. 


use of a small trencher, Figure 27-10, or an 
automatic pipe-laying machine, Figure 27-11. 
The trencher cuts a narrow ditch about 7 inches 
deep and places the excavated dirt alongside 
the trench where it can easily be used for 
backfill. 

The automatic pipe-laying machine cuts 
through the ground and forces the pipe into the 
cut. The dirt is pushed back together and the 
pipe-laying operation is completed with little 
damage to the lawn. 

Since they are easier and cheaper to install 
than rigid piping, flexible plastic pipe and 
fittings are used for most sprinkler systems. 
Polyethylene pipe is preferred because of its 
resistance to expansion and water hammer. 
However, polyvinyl chloride is nearly as good. 
Flexible pipe is purchased in long rolls and is 
installed in continuous pieces so that the 
number of fittings is minimized. Where fittings 
are required, the compression-type, Figure 27-12, 
are used on polyethylene. Polyvinyl-chloride 
pipe uses standard solvent-cemented fittings. 
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Figure 27-11. The O pipe elama weenie ais 
through the ground and buries the pipe, all in a single 
operation. (Davis Mfg. Co.) 


Pop-up sprinkler head installation is made 
easier by attaching the head to a board as 
shown in Figure 27-13. The three L-hooks will 
support the grass shield of the sprinkler head. 
When the backfilling is completed, the hooks 
can be twisted aside to release the board. 

Drain valves must be installed at low points 
in the piping. Proper installation is shown in 


Figure 27-10. The trencher cuts a narrow ditch and 
places the excavated earth alongside the trench. (The 
Charles Machine Works, Inc.) 


Ell 


Figure 27-12. Compression-type fittings are used to 
connect polyethylene pipe and fittings. 
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Outline of 
sprinkler head 


Board across 


Sprinkler head 
trench 


supported by 
L-hooks 


Figure 27-13. Sprinkler heads can be supported dur- 
ing backfilling with a board laid across the ditch. This 
ensures proper alignment of the sprinkler head with 
the ground surface. 


Figure 27-14. The automatic drain valves open 
each time the water is turned off, permitting 
the water in the pipe to drain into a gravel bed 
below the valve. Manual drain valves are hand- 
operated to drain the system at the end of the 
watering season. All pipes must slope 
uniformly toward one of the drain valves, 
Figure 27-15. This prevents the trapping of 
water, which could freeze and burst the pipe. 

The sprinkler system is generally connected 
to an existing hose bibb by a faucet adapter. A 
series of valves is then attached to the adapter. 
One valve is needed for each set of sprinkler 
heads, Figure 27-16. The valves are operated by 
a central control panel, Figure 27-17, which is 
located at some convenient place. The control 
valves work on a timer that automatically turns 
each set of sprinkler heads on or off at a 
prescribed time. 
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Gravel 


Automatic 
drain installation 


Manual 
drain installation 


Figure 27-14. Drain valves are installed to remove 
water from the piping system and prevent freeze 
damage. 


en 


Sagging lines trap water 


es 


Always slope pipes toward drains 
for complete drainage 


Add 
automatic 
drain 


Add 
automatic 
drain 


Add 
automatic 
drain 


Figure 27-15. Drain valves must be installed at all low 
points in the piping. 


Figure 27-16. A faucet adapter is used to attach valve 
units to a hose bibb. 


Figure 27-17. The master control unit turns each sec- 
tion of the sprinkler system on and off automatically. 
(Rain Bird Corporation) 


Drip Irrigation 
systems 


Drip irrigation systems place the water at 
the roots of the plants. This prevents much of 
the evaporation loss common to sprinkler 
systems that spray water into the air. Drip irri- 
gation systems are most practical for watering 
individual plants and closely planted groups 
of plants. 

The plastic tube, Figure 27-18, may either 
be laid on the surface or covered by a thin layer 


Zone control valves: Valves used in drip irrigation 
systems that are used to divide the area into zones so 
that selected portions can be irrigated. 
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of earth. Flow is controlled by “emitters” that 
release between % and 2 gallons of water per 
hour, depending on their size. Several types of 
emitters are available to serve a variety of 
needs, Figure 27-19. The 5- and 10-outlet emit- 
ters are designed to permit up to 10 small-diam- 
eter tubes to be extended to individual plants. 

Zone control valves, Figure 27-20, are used 
to divide the area into zones so that selected 
portions can be irrigated. Some zone control 
valves are fitted with a filter that automatically 
backflushes every time the water is turned off. 
This reduces the need to manually clean the 
filter. It also improves the performance of the 
system by removing particles that might clog 
the emitters. 


Figure 27-18. Flexible plastic tubing is used for drip 
irrigation systems. (Rain Bird Corporation) 


B d rg Pa 3 = Se 

Figure 27-19. “Emitters” control the flow of water 
from a drip irrigation system. A—Single emitters. 
B—Multiple outlet emitter. (Rain Bird Corporation) 
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Zone control 
valve 


Figure 27-20. Zone control valves are used to divide 
large areas into zones. This valve is attached to an 
automatic backflush filter. (Rain Bird Corporation) 


Drip irrigation systems are normally not 
permanently connected to the plumbing 
system. The connection is made at a hose bibb. 
Figure 27-21 illustrates the necessary compo- 
nents to attach to a hose bibb. A pressure regu- 
lator reduces the normal water pressure in the 
drip irrigation system. Therefore, the fittings 
and the emitter connections are secured simply 
by friction. Various fittings are available for 
joining varying size tubing and making branch 
connections. See Figure 27-22. 

Planning a drip irrigation system requires 
sizing the pipe to provide sufficient flow to 
each emitter. A smaller-diameter tube can be 
used on branch runs. Some drip irrigation 
systems include a porous “soaker hose” to 
water rows of closely spaced plants. Sprayer 


Je 
Faucet or hose =i 


A 


Vacuum breaker 


Hose wye 
(optional) 


Pressure y 
regulator Os 4 


Tubing adapter 


Tubing 


Figure 27-21. Connecting a drip irrigation system to a 
hose bibb requires a vacuum breaker to prevent back- 
flow. (Wade Mfg. Co.) 
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Adapter Adapter 
3⁄4” hose to 3” hose to 
36” drip tubing Ve" tee w” tee 


YA” ell Y2” coupler He” tee 
A6” ell %e” coupler plug 


Figure 27-22. Various types of fittings are available to 
join different sizes of tubing. (Wade Mfg. Co.) 


heads that will spray water over the surface of 
the plants are also available. 

A special punch, Figure 27-23, may be used 
when connecting small branch tubes to the 
main tube in a drip irrigation system. This 
punch makes openings in the main tube so the 
smaller branch tubes can be connected without 
the need for fittings. 


B 


Figure 27-23. A—This type of punch for use in 
installing drip irrigation systems allows the installer to 
make holes in large tubes so that smaller branch 
tubes can be installed. B—Punch in use. (Rain Bird 
Corporation) 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1. True or False? Protection against freezing is 
one of the basic considerations in the design 


and installation of sprinkler systems. 


2. List the three principal categories of sprin- 


kler heads. 


3. Which of the following factors contribute to 
reducing water pressure in a sprinkler 


system? 

A. Pipe diameter 

B. Pipe length 

C. Number of fittings 
D. Type of fittings 

E. All of the above. 


4. The pop-up design for spray and rotary 
sprinkler heads has the advantage of being 
by lawnmowers and 


less likely to be 
people walking through the yard. 
A. activated 

B. damaged 

C. buried 

D. Both A and B. 


5. The type of sprinkler that waters a rectan- 


gular area is called 
. spray 

rotary 

wave 

. Both B and C. 


Joar 


IO, 


2 
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. List the three steps that must be completed 


before establishing the pipe runs in a sprin- 
kler system. 


. True or False? Automatic or manual drain 


valves are located at low points in the 
piping system. 


. The sprinkler system is generally connected 


to the water supply piping at a 5 io 
make this connection, a faucet is 
installed. 


A. hose bibb, adapter 
B. faucet, manifold 

C. hose bibb, manifold 
D. faucet, adapter 


. The device that controls the rate at which 


water is emitted from a drip irrigation 
system is a(n) 

A. valve 

B. emitter 

C. regulator 

D. timer 

What is the major advantage of a drip irri- 
gation system compared to a sprinkler 
system? 


Suggested Activities 
E 


Practice installing a single run of pipe and 
spray heads for a sprinkler system. 

Visit a job site where a sprinkler system is 
being installed. 
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Repairing DWV 
Systems 


Objectives 


Repairing drain/waste/vent (DWV) systems 
begins with a careful analysis of the problem. 
This chapter describes procedures for trouble- 
shooting problems by observing symptoms 
and performing logical tests. It also details 
proper repair procedures. 


After studying this chapter, you will be able to: 

e Recognize DWV system problems through 
the symptoms the system displays. 

e Describe an orderly method of checking 
and testing a plumbing system to confirm 
an actual problem. 

e Demonstrate or explain procedures for 
making the proper repair when the prob- 
lem is located. 


Technical Terms 


Plunger Dual-feed 

Water ram mechanism 

Closet auger Video inspection 

Snake equipment 

Drain-cleaning Water jetter 
machine 


The proper maintenance and repair of 
plumbing systems is the only way to ensure 
that these systems will continue to give 
healthful, reliable, and sanitary service. A good 
plumber, like a good doctor, learns to observe 
the “patient” carefully before deciding what 
must be done. First, the symptoms are noted. 
Then, the causes are probed step by step. 
Finally, the remedy is decided upon. 

DWV problems fall into three major 
groups: 

e Water closet problems. 
e Lavatory, tub, shower, bidet, or sink problems. 
e DWV piping problems. 

Within each of these groups, specific symp- 
toms can be identified. No repair should be 
made without first isolating the problem. 
Troubleshooting and repair should be done by 
following a three-step process: 

1. Identify the symptoms by observing what 
is happening. 

2. When more than one problem could cause 
the symptom, test to pinpoint the cause. 

3. When the cause is found, use proper repair 
procedures. 


Using this method, the plumber can make 
the needed repairs effectively and efficiently. 
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Code Note 
| Any repair of the DWV piping must 
conform to local code. Even if the previous 
installation did not conform to code, the repair — 
is to be done in compliance with all code 
| requirements. 


Troubleshooting 
DWV Systems 


A chart of symptoms for troubleshooting 
the DWV system is shown in Figure 28-1. The 
same troubleshooting and repair procedures 
apply to lavatory, sink, tub, shower, and bidet 
drains. 


Water Closet Drainage 


The common drainage malfunctions of a 
water closet can be divided into two categories: 


e Failure of the fixture to drain. 
e Leaks near the base of the fixture. 


Water Closet Will Not Drain 

Figure 28-1 indicates that a stoppage in 
either the stack or the building drain will 
generally cause more than one fixture or floor 
drain to back up. If this condition does not 
exist, it is safe to assume that the problem is 
located in either the fixture trap or the branch 
piping connecting the fixture to the stack. 

The simplest way to clear a blocked water 
closet is to use a plunger (force cup), Figure 28-2. 


Water closet 

will not drain 

1. Stoppage in toilet bowl trap. 

2. Stoppage in DWV branch piping. 
3. Stoppage in stack, =m- 
4. Stoppage in building drain. <«—— 


Water closet 
leaks at base í 
1. Cracked or broken bowl. 

2. Loose bowl. 

3. Wax closet bowl gasket damaged. 


More than one 

| fixture will generally | 

| malfunction when these | 

conditions exists. | 
i 


Figure 28-2. Plungers are manufactured in two basic 
styles. (J. A. Sexauer Mfg. Co., Inc.) 


This tool forces water through the drain under 
pressure. Often, this is enough to dislodge the 
obstruction and permit the drain to return to 
normal operation. 

The water ram, Figure 28-3, is a more 
recent development. It uses air to apply higher 
pressure to force an obstruction on through the 
pipe. This device should be used with care. It is 
possible to blow the water out of nearby traps 
rather than force the blockage through the 
pipe. This problem can be reduced by closing 
the stopper mechanism at each of the fixtures 
on the branch. 


Tub, lavatory, shower, 
| or sink drain clogged 
Stoppage in stopper mechanism. 
Stoppage in fixture trap. 
Stoppage in DWV branch piping. 
Stoppage in stack. 
Stoppage in building drain. 


y 


Sie GOIN) 
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Figure 28-1. Troubleshooting guide for problems with the DWV system. 


Figure 28-3. A water ram uses compressed air to 
open clogged drains. (General Wire Spring Co.) 


If the force cup or the water ram fails to 
remove an obstruction, use a closet auger, 
Figure 28-4. The auger has a flexible steel cable 
that often can reach and remove a stubborn 
blockage. 

If these simple procedures fail to open the 
drain and you are fairly sure that the blockage 
is not in the stack or building drain, drain and 
remove the water closet. This will allow the 
branch DWV piping to be cleaned. 


Plunger: Device that clears a blocked water closet by 
forcing water through the drain under pressure. Also 
called a force cup. 

Water ram: Tool that uses air to apply high pressure, 
forcing an obstruction through the pipe. 

Closet auger: Device that has a flexible steel cable that 
often can reach and remove a stubborn blockage in a 
water closet. 
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Figure 28-4. The closet auger has a flexible steel 
cable that can usually reach and remove blockage 
from a water closet trap. A—Closet auger. B—Method 
of using the auger. (The Ridge Tool Co., J. A. Sexauer 
Mfg. Co., Inc.) 


Removing the Water Closet 


To remove the water closet: 


1. Clear a nearby area large enough for the 
water closet and place a sheet of plastic or 
other waterproof material on the floor to pro- 
tect it. 

2. Position two 12” or longer 2 x 4s on the plas- 
tic to support the base of the water closet. 
The boards will hold the water closet off the 
floor far enough that the flange at the outlet 
of the trap will not cause the water closet to 
be unstable. 


3. Turn off the water supply and empty most of 
the water from the tank. 
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4. Use a plunger to force as much of the water 
as possible out of the bowi before dismount- 
ing the water closet. 


5. Use a wet/dry vacuum to remove the 
remaining water from both the tank and the 
bowl. 


6. Disconnect the flexible supply from the base 
of the ballcock, Figure 28-5. 


7. Remove the nuts from the closet bolts and 
lift the entire water closet off the closet 
flange. 


8. Place the water closet on the plastic, using 
the boards to support and keep it stable. 


With the water closet removed, use a snake 
or drain-cleaning machine to clear the DWV 
piping. See Figures 28-6 and 28-7. Insert the 
snake into the closet bend. Move the snake 
backward and forward and rotate it until the 
blockage is cleared. A dual-feed mechanism on 
the drain-cleaning machine permits the oper- 
ator to control both the rotation and forward / 
backward movement of the snake. 

Replace the water closet carefully to 
prevent damage. There must be a good seal 
between the base of the bowl and the DWV 


Rubber 
ag 


Flexible 
supply Cap 


y ES 
Valve 
= wall flange Closet 


flange 


Figure 28-5. Removing a water closet involves dis- 
connecting a number of parts. It generally creates a 
mess, which the plumber must clean up when the job 
is completed. 


Figure 28-6. Hand-operated snakes are most effec- 
tive for small-diameter drains. However, they may be 
used in removing blockages in drains up to 4” in diam- 
eter. (The Ridge Tool Co.) 


piping, so it is strongly recommended that you 
install a new closet bowl gasket (wax ring), 
Figure 28-8. 

Clean the closet flange carefully. Also, clean 
the underside of the toilet bowl so that a 
complete seal can be made between the wax 
ring and the base of the toilet bowl. Installation 
of the bowl is described in Chapter 22, 
Installing Fixtures, Faucets, and Appliances. 


Inspecting the Inside of the DWV Piping 
System. Until recently, the only option when 
the blockage was beyond the fixture was to use 
a snake or drain-cleaning machine to remove 
the obstruction. If these procedures failed, it 
became necessary to remove pipe. The devel- 
opment of video inspection equipment has 
made it possible to look inside the pipe to 
determine the nature and location of the prob- 
lem. The snake shown in Figure 28-9 is fitted 
with a miniature video camera and an LED 
light that provide clear pictures of the inside of 


Snake: Flexible steel cable used to clear DWV piping. 
It is moved backward and forward and rotated until 
the blockage is cleared. 


Dratn-cleaning machine: Device that uses a motor- 
driven snake to remove obstructions in DWV piping. 


Dual-feed mechanism: Device on a drain-cleaning 
machine that permits the operator to control both the 
rotation and forward/backward movement of the 
snake. 


Video inspection equipment: Used to look inside the 
pipe to determine the nature and location of the 
problem. 


Funnel auger 


(e 4-blade cutter 


Spiral cutter 
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Grease cutter 


Figure 28-7. Drain-cleaning machines are power driven. A—This unit is driven by a % hp electric motor and can 
be used for pipes up to 4” in diameter. The operator controls motor with the dual feed mechanism. B—A smaller, 
% hp unit is used in smaller drains from %’-2%”. C—Detachable heads are designed to remove any type of 


obstruction. (The Ridge Tool Co.) 


Figure 28-8. A closet bowl gasket, usually called a 
“wax ring,” is used to seal the joint between the closet 
bowl and the closet flange. (J. A. Sexauer Mfg. Co., Inc.) 


pipes from 1%” to 12” in diameter. The camera 
will travel around bends and it is waterproof, 
so it can be inserted into a pipe that is filled 
with water. The monitor is equipped with a 
videotape recorder and a microphone that 
allows the plumber to record verbal notes, such 
as the length of snake that has been inserted 


into the pipe. The availability and cost of this 
equipment may limit its use to problems that 
are hard to solve using conventional drain- 
cleaning procedures. However, for a difficult 
problem, such as determining if a drain pipe 
is broken, it can be very effective. If the pipe 
will need to be replaced, the video inspection 
snake has the added advantage of being able to 
locate pipe very accurately. The pipe locator, 
Figure 28-10, detects a signal from the head of 
the snake. Therefore, it will work with both 
metallic and nonmetallic pipe. By moving the 
locator unit over the area where the broken 
pipe is buried, its location and depth can be 
accurately detected. 

If the problem is determined to be a 
blockage, a drain cleaner can be used to 
remove the obstacle. If the video inspecting 
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B j 
Figure 28-9. A video inspection snake makes it possi- 
ble to see inside a pipe. A—Snake with video camera 


attached. B—Video system manager with monitor and 
controls. (The Ridge Tool Co.) 


equipment was not used, the drain cleaner can 
be used on the assumption that blockage is the 
problem. If, however, the pipe is broken, it may 
be difficult to detect this problem. In most 
cases, blockage will be the problem and there- 
fore, using a drain cleaner is a good bet. 


Blockage in the Stack. A blocked stack can be 
cleared easily by going to the roof of the 
structure and running a snake or drain-clean- 
ing machine through the vent stack. See 
Figure 28-11. When the blockage has been 


Figure 28-10. A pipe locator, used in conjunction with 
the video inspection snake, can pinpoint the location 
and depth or pipe. (The Ridge Tool Co.) 


broken, water should flow out of the fixture. 
Additional water should be run through the 
drains as the snake is moved. This will produce 
a clean drain and prevent reoccurrence of the 
problem. 


History Briet 


In the 1930s, Samuel Blanc of Des Moines, 
lowa, invented the drain-cleaning machine. 
The device, which used a % horsepower wash- 
ing machine motor for power, was capable of 
cutting through tree roots that often clogged 
building sewers made from clay pipe. Blanc 
named his invention the Roto-Rooter™ and 
formed the Roto-Rooter Company as a fran- 
chise business. Because of the economic 
depression of the time, individuals were happy 
to be able to start their own business by pur- 
chasing the drain-cleaning machine for $250. 


— 


Unclogging a Building Drain. If the stack is 
clear and the water has still not drained out of 
the fixture, the problem is probably in the 
building drain. To unclog a building drain, 
remove the cleanout cover at the base of the 
stack, Figure 28-12. Remember that the con- 
tents of the stack will run out of the cleanout. 


TOLALARDAN oer 
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Blockage 


Figure 28-11. Clearing a blockage in a stack. 
A—Running a snake or drain-cleaning machine 
through the vent stack. B—A power drain-cleaning 
machine. (The Ridge Tool Co.) 


Water jetter: Tool used to clean the inside of the pipe 
when a considerable amount of grease, soap, or 
sludge is present on the drain-cleaning tool. 
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Building drain 


Cleanout 


Blockage “ 


Figure 28-12. A blockage in the building drain can be 
removed with a drain-cleaning machine or a snake 
routed through the cleanout at the base of the stack. 


Snake 


Be prepared with buckets, rags, and a wet vac- 
uum. Run a snake or a drain-cleaning machine 
through the building drain. 

With some experience, you will develop a 
sense of what type of obstruction is being 
encountered. Toilet paper and fecal matter tend 
to break up easily. Rags and other types of 
fabric are likely to be caught on the cutter head 
when the snake is removed. Roots that have 
penetrated inside the pipe will place a greater 
strain on the motor and you may find woody 
chunks on the cutter head when the snake is 
removed. Grease, soap, and sludge blockages 
may be penetrated easily. However, they will 
quickly clog again because the walls of the pipe 
have not been thoroughly cleaned. If a consid- 
erable amount of grease, soap, or sludge is 
present on the drain-cleaning tool, a water 
jetter, Figure 28-13, can be used to clean the 
inside of the pipe. The machine delivers a high- 
pressure jet of water to blast the grease, soap, 
or sludge loose from the pipe walls. 

If the building sewer is broken, you may 
feel the snake catch or stop rotating. If the head 
of the drain-cleaning machine breaks through 
the wall of the pipe, the load on the motor 
should increase and remain fairly heavy as 
long as the snake is advanced. Normally, the 
head will break through a blockage in a short 
distance. Two exceptions are roots in the drain 
and the cutter being outside the pipe and 
cutting into the earth. If you are unable to 
dislodge the blockage with the drain-cleaning 
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Figure 28-13. A water jetter forces water through a 
pipe at pressures up to 3000 psi. It is effective in 
removing sludge, soap, grease, and sediment. (The 
Ridge Tool Co.) 


machine, try using video inspection equipment 
to find and identify the problem. 

When it appears that the blockage has been 
removed, run water through the pipe to flush 
out any debris. Once the pipe is clear, replace 
the cleanout. The system should be in working 
order. 


Water Closet Leaks at the Base 
Water closet leaks near the base of the bowl 
may be caused by: 


e Acracked or broken bowl. 
e Loose closet bolts. 
e A damaged wax closet bowl gasket. 


Cracked or Broken Toilet Bowl. Wipe the bowl 
dry near the base and try to determine where 
the water comes from. If the water comes 
through the wall of the fixture, either when the 
water closet is flushed or when the bowl is 
filled, the bowl is cracked and must be 
replaced. Follow the procedures given earlier 
and in Chapter 14 for removing and rein- 
stalling a water closet. 


Loose Closet Bolts or Damaged Gasket. If the 
closet bowl bolts are loose, the entire fixture 
will move. When this occurs, the seal at the 
wax closet bowl gasket may break, permitting 


water to leak through. Tightening the closet 
bowl nuts might solve the problem. If not, the 
wax closet bowl gasket must be replaced. 


Code Note 


Codes typically require that replacement 
water closets be of the high-efficiency type, | 
using a maximum of 1.6 gallons of water per 

| flush. 


Tub, Lavatory, Shower, or 
Sink Drain Blocked 


The failure of a tub, lavatory, shower, sink, 
or bidet drain to flow properly can be traced to 
one of five causes: 


e Blockage at the stopper mechanism. 
e Blockage in the fixture trap. 

e Blockage in the DWV branch piping. 
e Blockage in the stack. 

e Blockage in the building drain. 


A tub or a lavatory are likely to have a 
pop-up stopper built into the fixture drain, 
Figure 28-14. The stopper, Figure 28-15, can 
generally be removed by turning and lifting. 
Clean the stopper and inspect the drain for 


Figure 28-14. Typical pop-up mechanisms for lavato- 
ries and tubs. (Kohler Co.) 
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Figure 28-15. Pop-up stoppers are made in a variety of styles. (J. A. Sexauer Mfg. Co., Inc.) 


other foreign matter. If this does not solve the 
problem, check the fixture trap. 


Blockage in the Fixture Trap 

Foreign matter is easily cleared by 
removing the P-trap. Two different types are 
shown in Figure 28-16. If the trap is fitted with 
a cleanout, it will only be necessary to remove 
the plug to inspect the condition of the trap. 

If there is no cleanout, loosen the compres- 
sion nuts and remove at least one section of the 


Cleanout 
Figure 28-16. A P-trap is the most common type of 
drain connecting the lavatory, sink, or tub with the 
DWV piping system. 


trap, Figure 28-17. Assuming that the P-trap is 
clogged and that it is thoroughly cleaned 
before being replaced, the problem should be 
solved. 

However, if the drain still does not flow 
freely, it will be necessary to use a snake to 
clean the DWV branch piping. If the problem 
persists, follow the procedures described 
earlier in this chapter for cleaning the stack and 
the building sewer. Once the drain has been 
cleared, reinstall the trap and any other 
removed parts and test for leaks. 


DWV branch 
piping 
__ Washer 
Metal ring 


i 
Lavatory or ! 
sink bowl | 


Figure 28-17. P-traps may have to be disassembled 
to clear a stubborn blockage. 
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Suggested Activities 


1. Practice plumbing repair procedures by 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 


Do not write in this book. 


I; 


When a water closet does not drain, the 
simplest maintenance procedure is to use a 


A. water ram 


working on actual or simulated plumbing 
installations that have symptoms such as: 
A. Sink drain clogged. 

B. Building drain clogged. 

C. Water closet leaking at base. 


B. plunger . Study the common repair parts available 
C. closet auger for sink, lavatory, tub, shower, bidet, and 
D. snake water closets: 


. If more than one drain is affected, it is likely 


that the problem is in either the : 
A. stack or the DWV branch drain 

B. stack or the building drain 

C. sewer main 

D. sewer main or the stack 


. Using a snake to clean a stack can often be 


accomplished most easily by going to the 
of the house and inserting the snake 

in the vent. 

A. roof 

B. basement 

C. crawl space 

D. first floor 


. A video inspection snake can be used to 


A. locate buried pipe 

B. repair broken drain pipe 

C. identify problems inside pipes 
D. Both A and C are correct. 


. The joint between the base of a toilet bowl 


and the closet flange should be sealed with 


A. caulking 
B. oakum 
C. putty 


D. a wax ring 


. A blocked tub, lavatory, shower, or sink 


drain can be caused by any of five different 
problems. List the five problems. 


A. How are they sized or otherwise distin- 
guished from one another? 

B. What advantages and disadvantages do 
different products have that are 
designed to serve the same function? 


. Examine the special tools needed to 


perform DWV repairs: 

A. Which are most useful? 

B. Which are the best designed and likely 
to give the best service? 

C. What tools should be in the toolbox of a 
plumber specializing in residential 
plumbing repair? 


Repairing Water 
Supply Systems 


Objectives 

Identifying the precise problem is the first step 
in making any repair to the water supply 
system. This chapter deals with the procedures 
for troubleshooting and repair by first identi- 
fying the symptoms and then describing 
appropriate repair methods. 


After studying this chapter, you will be able to: 


e Recognize water supply problems through 
the symptoms the system displays. 

e Describe an orderly method of checking 
and testing a water supply system to con- 
firm the actual problem. 

e Demonstrate or explain procedures for 
making proper repair when the problem is 
located. 


Technical Terms 


Compression faucet 
Washer 
Seat 


Washerless faucets 
Galvanic corrosion 
Water hammer 


This chapter is organized around the symp- 
toms that can be readily identified. These water 
supply system problems fall into four major 
groups: 

e Faucet and valve problems. 
e Water closet problems. 


e Water supply piping problems. 
e Water heater problems. 


Within each of these groups, specific symp- 
toms can be identified. In this chapter, the 
symptoms will first be described. Then, 
possible causes will be suggested. Finally, the 
proper repair will be described. 

No repair should be made without first 
isolating the problem. Troubleshooting and 
repair should be done by following a three-step 
process: 

1. Identify the symptoms by observing what 
is happening. 

2. When more than one problem could cause 
the symptom, test to see which is causing it. 


3. When the cause is found, use proper repair 
procedures. 


Using this method, the plumber will be able 
to make the needed repairs effectively and 
efficiently. 


Problems with 
Faucets and Valves 


Since they receive such heavy use, faucets 
are often a trouble spot and need repairs. Globe 
valves suffer from the same malfunctions as 
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faucets, although not as often. The importance 
of maintaining faucets and valves against even 
minor problems is shown in Figure 29-1. 
Though often neglected, faucet and valve 
repair is quite simple once their design is 
understood. There are two basic faucet types, 
compression and washerless. The compression 
faucet, Figure 29-2, uses a rubberlike washer 
that is squeezed (compressed) against a metal 
surface or seat to shut off the flow of water. 
Washerless faucets make use of rotating 
mechanical components to control water flow. 
There are four basic washerless mechanisms: 


e Cartridge. 
e Disc. 
e Ball. 
e Eccentric. 


All single-handle faucets, Figure 29-3, use 
one of the washerless designs. Faucets with 


Steady drops, 

a constant drip 

can waste 2,000 gal. 
quarterly 


42” steady stream, 

a pinhole size leak 
can waste 24,000 gal. 
quarterly 


Ye” steady stream, 
wastes water at a rate 
of almost 85,000 gal. 
quarterly 


%” pouring stream, 
results in waste of as 
much as 340,000 gal. 
quarterly 


Figure 29-1. Even a smail faucet leak can cause an 
enormous waste of water if it is not repaired. (J. A. 
Sexauer Mfg. Co., Inc.) 


Stem threads 


Direction 
of flow 


Packing nut 
Packing 


Stem 


Stem threads 
y Washer 


al 
2. = Direction 
of flow 
Seat 
2 k 


™ Valve body 


Direction 

of flow 
Figure 29-2. Cutaway views of a typical compression 
faucet and globe valve. They are very much alike. 


Compression faucet: Faucet that uses a rubberlike 
washer that is compressed against a metal surface to 
shut off the flow of water. 


Washer: Used in a compression faucet, it is 
compressed against a surface to stop the water flow. 


Seat: A metal surface against which a washer is 
compressed to shut off the flow of water in a compres- 
sion faucet. 


Washerless faucets: Type of faucet that uses rotating 
mechanical components to control water flow. 


Figure 29-3. Washerless designs are used for all 
single-handle faucets, such as this kitchen-sink 
model. (Delta Faucets) 


two handles have traditionally been of the 
compression type. Many newer designs, how- 
ever, make use of the cartridge mechanism. In 
general, washerless faucets are less trouble- 
prone and are easier and quicker to repair. 
Since a large number of the faucets in use 
today are of the compression type, and their 
repair is more complex, they will be covered in 
some detail. Repair of each of the washerless 
mechanisms will then be presented. 


Leaking Compression 
Faucets 


When a compression faucet or globe valve 
does not completely stop water flow, there are 
three possible causes: 

e A defective handle or stem prevents the 
washer from pressing tightly against the 
seat. 

e The washer has deteriorated or broken. 


e The seat is worn or pitted. 


Water Drips from Spout 

The possibility of a defective handle or stem 
is the easiest to check. Remove the screw that 
secures the handle to the stem, Figure 29-4. 
Then remove the handle. Lift or carefully pry it 
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Use a screwdriver to 
remove the screw that 
holds the handle onto 
the stem 


If the handle is stuck, 

a handle puller will remove 

it without damage 

Figure 29-4. Remove the screw that secures the han- 
dle to the stem. A puller, such as the one pictured, will 
lift stubborn handles from the stem without damage to 
the faucet. (J. A. Sexauer Mfg. Co., Inc.) 


off. Inspect the splines on the inside of the 
handle and on the end of the stem, Figure 29-5. 
If one or both are badly worn, they will need to 
be replaced. In the case of the handle, this is 
simple. Obtain a new one of the correct size 
and shape. Secure it to the stem with the proper 
screw. 

If the problem is with the stem, turn off the 
water supply. Remove the stem by loosening 


Stem 


Splines should 
be sharp — wear, 
such as rounded 
splines, indicates 
possible slipping 
of the handle 


Figure 29-5. Inspect the splines on the inside of the 
handle and on the end of the stem. If worn, replace 
the parts. 


Handle 
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the bonnet with a wrench and turning the stem, 
Figure 29-6, until it can be lifted out of the 
valve body. 

This same procedure must be used to 
check out other possible causes of the leak. 
While the stem is off, check the washer and 
seat for signs of wear. Replace the washer if it 
is split, deteriorated, or has lost its pliability. 
Washers are made in two types, beveled and 
flat, in many sizes as shown in Figure 29-7. 
Beveled or flat washers are held in place on 
the stem with a brass machine screw. Also 
available are swiveling washers, Figure 29-8. 
These washers have a prong that snaps into 
the threaded hole on the stem. This allows the 
washer to swivel, instead of rotating against 
the faucet seat when the stem is turned. 
Manufacturers of these washers claim this 
results in less wear and longer life. When 
installing replacement washers, make sure 
that any mineral deposits around the base of 


A piece of masking 
tape or a thin 
leather strap placed 
over the bonnet 

will protect the finish 
from wrench marks 


Hold the stem 
while turning the 
bonnet with 

a wrench 


Figure 29-6. To remove the stem, loosen the bonnet 
carefully to avoid damage to the chromed surfaces. 


© 0o 
9 “yw 


Figure 29-7. Washers are produced in standard sizes. 
Any size is available either beveled or flat. 


Figure 29-8. A swiveling washer does not rotate 
against the faucet seat when the stem is turned. 


the stem are removed. The washer must seat 
properly on the end of the stem. 

Inspect the faucet or valve seat for wear. If 
it is pitted or worn so that its surface is uneven, 
it must be refaced so the washer can achieve a 
proper seal. Use the tool shown in Figure 29-9. 

Follow manufacturer’s directions to mount 
the tool on the faucet. With the cutter in contact 
with the valve seat, rotate it several times in 


— Shaft and 
handle 


Abutment ~~ 
collar 


Setscrew 


Small adapter 


Reversible < 
cone 


Figure 29-9. A faucet seat reforming tool puts a new 
face on the seat. (J. A. Sexauer Mfg. Co., Inc.) 


each direction. Remove the tool and inspect the 
seat. If the surface is smooth and shiny, install 
the repaired stem and carefully secure it with 
the bonnet. 

To prevent damage to the new washer, hold 
the stem to prevent it from turning as the 
bonnet is secured. Otherwise, the stem may 
force the washer against the seat with enough 
pressure to ruin the washer. 

If the seat is too badly damaged to resur- 
face, it may be possible to remove it and install 
a new one, Figure 29-10. If the seat is not 
removable, however, the faucet must be 
replaced. 


Faucet or Globe Valve Vibrates and Is Noisy 
when Water Is Running 
There are four possible causes for this 
problem: 
e Washer is loose. 
e Packing or O-ring has deteriorated. 
e Stem is worn. 
e Faucet or valve base is worn. 


To isolate the problem, turn off the water 
supply and remove the handle and stem as 
described in the previous section. Inspect the 
washer to make certain the screw holding the 
washer to the stem is tight. Replace the washer 
if it shows signs of deterioration or wear. 


Figure 29-10. Some seats are threaded into the valve 
or faucet body. They are removed either with an Allen 
wrench or with a four-sided tool as shown. Turn coun- 
terclockwise to remove. 
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Some faucets and valves use one or more 
O-ring seals on the stem. Inspect them and 
replace if damaged or worn. Many faucets use 
packing string or a formed packing material in 
the bonnet. It should be pliable and snugly 
fitted around the stem. If it is not, replace the 
packing. Also, examine the stem for signs of 
severe wear in the threads that engage the 
internal threads in the faucet body. If these 
threads are worn, the stem must be replaced. 
On older valves and faucets, the threads in the 
body of the faucet may also be worn. In this 
case, the entire faucet or valve should be 
replaced. 

To replace a faucet, disconnect the water 
supply from the underside of the faucet, 
Figure 29-11. If space is tight under the sink, 
you may need to use a special basin wrench to 
remove the locknut from the base of the faucet. 
Once the nut is removed, lift out the faucet. 
Globe valves can be removed by disconnecting 
the piping at the inlet and outlet. 

Installing a new faucet is essentially the 
reverse of removing the old one. Thoroughly 
clean the sink or lavatory at the point where the 


ee Remove this locknut 


A to unfasten the faucet 


Figure 29-11. Removing a faucet from sink or lavatory. 
A—Locknut must be removed from beneath, using a 
special tool, the basin wrench. B—Basin wrench jaws 
swivel 180° and will either tighten or loosen the lock- 
nut on the base of the faucet. This is one of the few 
instances where a tooth-jawed tool is used on a 
chromed nut. An open end wrench or adjustable 
wrench should be used instead if the nut can be 
reached. 
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faucet will be installed. To seal the opening in 
the sink under the faucet, apply glazing 
compound or white lead putty, Figure 29-12. 
This makes a watertight seal at the base of the 
faucet. It prevents water from running under 
the faucet and into the cabinet or onto the floor 
below. 

The sealing compound is not needed if a 
special washer is provided with the new faucet. 
Install the washer, position the new faucet, and 
finger-tighten the locknut below the sink. 
Check the alignment of the faucet, then tighten 
the locknut with a wrench. Attach the water 


supply piping. 


Handle Rotates without Changing Water 
Flow 

One of two defects is responsible for this 
problem: 


e Defective splines on the handle. 
e Defective splines on the stem. 


Either one prevents the handle from 
turning the stem. For the appropriate repair 
procedure, refer to the heading: Water Drips 
from Spout. 


Water Leaks around Stem 
Water leakage around the stem when the 
faucet or valve is open is caused by either: 


e A worn stem. 
e Deteriorated packing or O-ring. 


Remove the faucet stem and carefully check 
it for wear at the point where it passes through 
the bonnet. If severe wear is noted, replace the 
stem. If the stem is not worn, the packing or 
O-ring may be worn or damaged, and should 
be replaced. 


A bead of glazing 
compound seals the 
faucet to the lavatory 


Figure 29-12. Apply glazing compound around the 
opening in the sink where the faucet will be installed. 


Leaking Washerless 
Faucets 


In washerless faucets, the standard 
compression washer has been replaced by 
another means of controlling the water flow. 
The cartridge, disc, rotating ball, and eccentric 
types are common. Most washerless faucets 
have a single handle controlling both volume 
and temperature, but some two-handle models 
make use of washerless design. 

The following procedures for repair are 
based on common units for each type and 
should be used only as a general guide. Steps 
may vary slightly with each manufacturer. 
Instructions are usually packaged with repair 
parts. These should always be read carefully. 


Cartridge Faucet Disassembly 
and Repair 


The cartridge faucet, also called a rotating 
cylinder faucet, controls water through ports 
in the cylinder. Figure 29-13 shows a single- 
cylinder design. 


1. Shut off the water supply. Turn on the faucet 
to drain the water. 


2. Remove the handle. This is usually secured 
with a screw. Some screws are concealed 
under screw-in or snap-on caps. 


3. Remove the clip retainer and the clip. Some 
clips are external and must be removed 
before lifting off the handle. 


4. Remove remaining parts, as shown in the 
exploded view. 


5. Remove any visible dirt and deposits. Check 
parts for the cause of the defect. Replace 
worn cartridge or O-rings as needed. Kits 
are available to replace worn parts. 


6. Reassemble the faucet and turn on the 
water. Test the faucet. Consult the manufac- 
turer’s instructions for additional information 
on repair. 


Handle 


Clip retainer 
Cip 7^ 
Spacer 


“ Grooved 
sleeve 


4 
V. 


a 
A Stem 
alve 
3 cartridge 


Rotating Ball Faucet 
Disassembly and Repair 


The rotating ball faucet, Figure 29-14, uses 

a ball with ports to control water. The handle 

moves the ball back and forth and from side to 

side. When a port in the ball is aligned with one 
of the inlet ports in the faucet body, water is 
allowed to flow through the spout. 

1. Shut off the water supply and drain the 
faucet. 

2. Loosen the setscrew located in the handle 
and unscrew the cap. 

3. Grasp the protruding stem to remove the 
cam housing, the cam rubber, and the ball 
assembly. 

4. Lift off the spout if the unit has a swinging 
spout. 

5. Remove the seat washers and their springs. 
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Figure 29-14. Rotating ball faucet. 


6. Remove the O-ring washers from the faucet 
body. 

7. Inspect the cam housing, cam rubber, and 
ball assembly. Replace if worn or corroded. 


8. Reassemble the faucet according to the 
manufacturer's instructions. When replacing 
the ball assembly, be sure the oblong slot 
in the ball is placed over the metal peg 
projecting from one side of the cavity. The 
O-ring washers should receive a light coat- 
ing of heat-resistant grease. 


Disc Faucet Disassembly and 
Repair 


The disc faucet uses a pair of ceramic discs, 
Figure 29-15, to control water flow. One disc 
is stationary, while the other is moved by the 
handle. When holes in the discs line up, water 
will flow. 


1. Shut off the water supply and drain the 
faucet. 
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. Grasp the handle and lift it as high as it 


will go. 


. Loosen the setscrew recessed under the 


handle. Lift off the handle. (Some units have 
a retaining screw that is accessed through 
the top.) 


. Remove the escutcheon cap to expose the 


cylinder. 


. Remove the screws and lift off the cylinder. 
. Remove the seals from the cylinder and use 


a fiber abrasive pad to clean off dirt and min- 
eral deposits from the cylinder openings. 
Clean the seals and reinsert them. 


. If wear (not deposits or dirt) is the cause of 


the leak, you will have to replace the cylinder 
with a new one. 


. Insert the cylinder into the faucet body. Align 
the ports on the cylinder bottom with the 
three holes in the body and screw the new 
cylinder into place. 


Eccentric Faucet Disassembly 
and Repair 


The eccentric faucet, Figure 29-16, is rela- 


tively simple in operation. Little effort is required 


Handle 


Escutcheon cap 


B Cylinder Spout 
Cylinder 
sealset => m 
Aerator 
O-ring 
as 
Sa Manifold 
S 
Escutcheon 


Figure 29-15. Disc faucet. 


to disassemble and reassemble it. The single 
handle rotates an eccentric (a cylindrical piece 
with knobs on it) left or right. The knobs push on 
the valve stems to open the valve, allowing 
water to flow through the spout. 


ie 
2. 


Valve stem mar 
Valve seat ss 
Z 


Shut off the water supply and drain the faucet. 


Loosen the connecting ring and remove the 
swing spout. 


. Lift off the faucet body cover to expose the 


faucet body. 


. Unscrew the strainer plug. Remove the 


entire assembly down to and including the 
valve seat. 


. Remove the valve seat with an Allen wrench 


or valve seat removal tool. 


. Clean the strainer. 
. Check the valve stem, strainer, gasket, 


and valve seat. Replace worn or corroded 
components. 


Replace the O-ring on the spout. Lubricate 
with heat-resistant grease. 


Reassemble following reverse order of 
disassembly. 


Spout 
Connecting 
ring 
O-ring — a 


washer 


Faucet 
body 
cover 


Strainer plug 
e Gasket 
(© D a Strainer 
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Figure 29-16. Eccentric faucet. 


Slow Water Flow from 
Spout 


Reduced water flow has several possible 
causes: 


e The shutoff valve in the water supply 
piping below the fixture is partially closed. 


e Aerator screen at the end of the faucet is 
clogged. 


e Pressure in the branch line is reduced. 
e The building water supply line has a leak. 


First, check the shutoff valve in the water 
supply piping. This valve should be in the 
water supply piping below the sink. If not, 
check the pipe below the floor until a valve is 
located. If the valve has been partially closed, it 
will restrict flow through the pipe leading to 
the faucet. Open the valve completely and 
check the faucet again. 

If flow is still not good, remove the aerator, 
Figure 29-17, and inspect the aerator screen. If 
it is clogged, thoroughly clean and then replace 
it. Turn on the faucet to see if the problem has 
been solved. 


Aerator unit 


Screen with self-sealing rim 


Cap 


Aerator screens 


Figure 29-17. Exploded view of an aerator for a 
kitchen faucet, showing a typical set of screens. (J. A. 
Sexauer Mfg. Co., Inc.) 
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If the flow still has not improved, check for 
heavy flow of water to another outlet on the 
same branch. Generally, this type of problem is 
intermittent (off and on). For example, if the 
kitchen sink and the washing machine are 
connected to the same branch, water pressure 
may drop markedly while the washer is filling. 
The only solution is to install larger piping in 
the branch serving the washer and kitchen sink. 

However, if such a condition does not exist, 
then the reduced pressure condition will need 
to be investigated further. Check both the hot 
and cold water flow. If the cold water is 
flowing faster than the hot, it is possible that 
mineral deposits have built up inside the hot 
water pipe, restricting the water flow. This 
condition occurs more quickly in the hot water 
piping, because the higher temperature causes 
the minerals to deposit faster. It is also more 
likely to happen in galvanized iron pipe than in 
copper or plastic. 

The only remedy for mineral deposits is to 
remove and replace the affected pipes. 
Horizontal runs of pipe are more likely to be 
severely clogged than risers. These can 
frequently be replaced from below the floor 
without replacing the risers that extend 
upward to the fixtures. Procedures for 
replacing pipe are discussed later. 

Another reason for reduced pressure at a 
faucet is a crushed water supply pipe. This 
type of damage can occur in an area where the 
pipe is exposed. Copper pipe is more likely to 
be crushed than galvanized, because copper is 
softer. To repair this type of damage, the 
crushed portion of pipe must be replaced. 

Finally, the problem could be a leak in the 
building water line. This would cause reduced 
pressure or no water pressure throughout the 
building. Visual inspection of the ground near 
the building water line may reveal a wet spot, 
suggesting the location of a leak. If visual 
inspection does not confirm a leak, it may be 
necessary to turn off the water at the meter 
stop, disconnect the water supply piping at the 
first possible location beyond the meter, and 
slowly open the meter stop to determine if the 
flow coming into the building is adequate. If 
adequate flow is present at this point, then 
something has been overlooked inside the 
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building. If flow is inadequate, either the build- 
ing water line is leaking, the curb stop is 
partially closed, or the meter is obstructing flow. 


SS N 


Code Note 
When repairing the water supply system, it 
is essential that all work conform to local code. 
Maintaining air gaps and replacing hose bibbs 
with units that include vacuum breakers are 
| examples of code requirements that must be 
| implemented. 
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Mixing Faucet Leaks 
around Spout 


If water leaks around the joint between the 
spout and the faucet, Figure 29-18, the problem 
is one of the following: 


e O-ring washers are deteriorated. 
e Spout is worn. 
e Swing spout post is worn. 


Figure 29-18. A leak at the joint between the swing 
spout and the base of the faucet generally requires 
replacement of the O-ring washers on the swing spout 
post. (J. A. Sexauer Mfg. Co., Inc.) 


To check these conditions, turn off the 
water supply and remove the nut or setscrew 
that secures the spout to the faucet base. 
Carefully lift the spout from the faucet and 
remove the swing spout post. Inspect the 
O-ring washers to see if they are worn, broken, 
or hardened. If any of these defects is present, 
the O-rings must be replaced. 

Inspect the bearing surfaces of the swing 
spout post for signs of wear. If wear exists, the 
O-ring washers will not seat properly. The 
swing spout post should be replaced. 

The inside of the swing spout may be so 
badly worn that the O-ring washers will not 
seal properly. If this is the case, the swing spout 
must be replaced. 


ae _ emer 


“History Briet 


| The U.S. Congress passed the Safe | 

| Drinking Water Act in 1974. It requires public 
water systems to monitor and treat drinking 
water to ensure its safety. 


Problems with Water 
Closets 


This section identifies four common symp- 
toms of problems in the supply of fresh water 
to a water closet. A repair procedure will be 
suggested. Figure 29-19 identifies the basic 
parts of a water closet and can be used as a 
reference for this section. 


Water Flows Continuously 


When this condition occurs, one of the 
following problems exists: 


e Float valve (ballcock) is faulty. 
e Float ball is improperly adjusted. 
e Overflow tube has deteriorated. 


e Flush valve (tank ball) does not align prop- 
erly with its base (seat). 


e Flush valve is worn or damaged. 


e Pressure flush valve is worn or malfunc- 
tioning because of dirt or mineral particles. 


Ballcock 


Float arm 


be 
Rod guide 
Tank ball 
Float ball 
Figure 29-19. Cutaway view shows the principal parts 
of a water closet tank. Some parts are known by 
several different names. (Fluidmaster, Inc.) 


To determine which part of the mechanism 
is at fault, you must make a series of checks. 
Defective parts or whole assemblies of parts 
may need to be repaired or replaced. 


Checking the Ballcock 

With the tank cover removed, lift the float 
as high as it will go. If the water does not stop 
running, the ballcock is the cause. Figure 29-20 
shows three different types of ballcocks. 

If the ballcock housing or body is a sealed 
type, or if the housing has deteriorated, replace 
the entire unit. The replacement unit may be a 
duplicate of the old unit or a universal type, 
Figure 29-21. 

To install a new ballcock, turn off the water 
supply. Drain the tank by flushing. Disconnect 
the water supply piping below the tank. 
Remove the locknut that secures the unit to the 
tank. See Figure 29-22. 

When installing the new unit, carefully 
position the rubber washer over the hole inside 
the tank so the joint will not leak. Attach the 
metal washer and locknut. Tighten down the 
locknut until the rubber seal bulges slightly 
around the collar on the inside of the tank. 

Attach the float mechanism and the water 
supply piping. Turn on the water supply. 
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Watch the tank fill to the water level line 
marked on the inside of the tank. Adjust the 
float so that the float valve closes when the 
water reaches the predetermined level. Flush 
the water closet to make sure the unit is 
working properly. Make further adjustments as 
needed. 

If the ballcock is not a sealed unit, the 
washers on the inlet valve plunger, Figure 29-23, 
can be replaced. To release the plunger, remove 
the two pins that fasten the lever and float arm 
to the body of the ballcock. Pull the plunger up 
and out. 

Remove the washers. Clean the recesses 
behind the washers of all dirt or mineral 
deposits. Do not mar the plunger. Install new 
washers of the same type and size. Reassemble 
and test the unit. 


Checking Float Ball Adjustment 

If the water stops running when the float is 
lifted, the float arm may be at fault. Note the 
water level in the tank. If it is above the water 
level line and water is flowing into the over- 
flow tube, the float arm may need adjusting. 
Bend the float arm downward until the water 
shuts off at the proper level. 


Checking for a Faulty Float Ball 

Observe the position of the float ball in the 
water. If it does not rise to the surface, it is 
leaking. Replace it. 


Checking the Overflow Tube 

If the tank does not fill with water, several 
problems may exist. First, examine the over- 
flow tube for leaks that permit water to flow 
down into the bowl. 

If this tube is leaking, turn off the water 
supply. Flush the tank to drain most of the 
water. Remove and replace the overflow tube, 
Figure 29-24. Refill the tank and check the float 
adjustment. 


Checking the Flush Valve for Alignment 

A flush valve that is misaligned will also 
prevent the tank from filling. It allows water to 
flow continuously from the tank into the bowl. 
This problem generally can be corrected by 
adjusting the guide rod on the flush valve. 
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Figure 29-20. Common types of float valves (ballcocks). Parts most likely to need replacing are the ballcock 
washers. (J. A. Sexauer Mfg. Co., Inc.) 


Checking for Worn or Damaged Flush Valve 
If the ball or flapper on the flush valve is 
worn, it will not seal properly. It must be 


A 


Figure 29-21. This type of ballcock assembly com- 
bines the float with the riser of the valve mechanism. 
A—Signals a leaking tank. B—Locks, forcing user to 
repair leaking tank. (Fluidmaster, Inc.) 


3 Spud ` 
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Figure 29-22. Cutaway of tank shows new type ball- 
cock assembled properly in tank. 
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replaced. Figure 29-25 shows a satisfactory 
replacement. Occasionally, the seat of the flush 
valve will deteriorate to the point where the 
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Figure 29-23. Section view showing the design of 
a typical ballcock, particularly the plunger and the 
valve seat. 


< Overflow 
tube 


Figure 29-24. A defective overflow tube will permit 
water to flow into the bowl. It will be impossible for the 
tank to fill. To replace, detach the chain from the lever 
arm and unscrew the pipe from the housing. 
(Fluidmaster, Inc.) 
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Figure 29-25. A new flapper can be used to replace 
the older style ball type closure when repairing a leaky 
flush valve. (Fluidmaster, Inc.) 


entire flush valve must be replaced. Procedures 
for this installation are discussed later in this 
chapter. 

To determine if small quantities of water 
are actually leaking through the flush valve, do 
a food coloring test. Pour food coloring into the 
water in the tank. Allow it to sit for several 
hours. If the water in the bowl becomes the 
same color as the water in the tank, the flush 
valve leaks. 


Checking Pressure Flush Valves 

Pressure flush valves are of two types — the 
diaphragm and the piston. See Figures 29-26 
and 29-27. Basically, both these valves have an 
interior consisting of two chambers. The cham- 
bers are separated by a relief valve mounted on 
a rubber diaphragm. When the relief valve is 
seated and held in place by water pressure in 
the upper chamber, the valve prevents water 
flow. However, when the handle is moved, the 
plunger upsets the relief valve and causes 
water to flow past the diaphragm to the fixture. 

When these units fail, it is usually the 
result of: 


e Dirt or mineral deposits that lodge in the 
passages and prevent the diaphragm from 
reseating. 


e Parts wear. 


Servicing Pressure Flush Valves 

To service the diaphragm pressure valve, 
first shut off the water by turning the setscrew 
of the stop valve all the way in. (This valve is 
always located alongside the pressure valve.) 
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fixture 
Figure 29-26. Cutaway of a diaphragm-type pressure 
valve shows the unit in the. “off” or neutral position. 
Handle at left moves the plunger to upset the relief 
valve when the unit is operated. (Sloan Valve Co.) 


Then, unscrew the outer cover and lift off the 
inner cover. Pull out the diaphragm assembly. 
Lift out the relief valve. If there is “gravel” or 
other foreign matter lodged in the orifices of 
the diaphragm, wash it out, reassemble the 
valve, and test. 


Upper- 


Inlet from 
water 
supply 
line 


Relief 
valve 


Outlet to 

fixture 
Figure 29-27. The piston-type pressure flush valve is 
similar in operation to the diaphragm-type. (Sloan 
Valve Co.) 


If the unit still does not work properly, 
disassemble as described. Then, break down 
the diaphragm assembly. Hold the lower 
portion of the assembly with a wrench and 
remove the rubber valve seat that is the top of 
the assembly. Carefully replace the valve seat 
and the diaphragm. Reassemble and test. 

Servicing the piston pressure valve is 
similar to the method described for the 
diaphragm pressure valve. Since several 
different designs are manufactured, you 
should carefully read the manufacturer’s 
instructions packaged with the repair kit. 


; Code Note 
Local codes may require that replacement 


faucets and showerheads meet the standard 
for low water consumption. 


Water Closet Will Not Flush 
When the water closet will not flush, 
proceed as follows: 


1. Check for a broken or disconnected flush 
lever, Figure 29-28. If the arm that extends 
from the handle to the flush valve linkage is 
broken, the ball or flapper on the flush 
valve will not be lifted off its seat. Replace 
the flush lever. Make sure that the linkage 
to the flush valve is properly connected and 
aligned. 

2. Check for lack of water in the flush tank. If 
there is no water in the tank, check all 
valves in the supply line leading to the 


Figure 29-28. A flush tank lever consists of a handle 
and a long arm that is linked to the flush ball or flap- 
per. This lever assembly is shown in front view (top) 
and side view (bottom). Levers are made in both metal 
and plastic. (Fluidmaster, Inc.) 
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bathroom. If they are all open, the problem 
is in the float valve. It must be removed, 
cleaned, and repaired. Follow procedures 
outlined in the preceding section. 


Water Closet Tank Leaks 
When water is dripping from the water 
closet tank, the most likely causes are: 


e Condensation on the outside of the tank. 
Dry the wet portions of the tank. Watch 
where the water reappears. If the water is 
dripping as a result of condensation on the 
outside of the tank, install a tank liner. This 
measure will insulate the tank so that its 
outside surface does not become too cool. 
An alternative is to reduce the humidity in 
the bathroom with a dehumidifier or venti- 
lating fan. 


e Loose inlet water supply piping. If the 
water supply piping is loose either at the 
valve or where it connects to the float valve, 
tighten the compression nuts. If this proce- 
dure fails, it will be necessary to shut off the 
water supply and disassemble the leaking 
joint to determine if the fitting or the 
compression ring are worn to the point of 
needing replacement. 


e Cracked or broken tank. 


e Loose or deteriorated washer at the joint 
between the tank and the bowl. If this is the 
source of the problem, the tank will have to 
be removed. Disconnect the water supply 
and completely drain the tank. A sponge or 
wet vacuum can be used to remove water 
that does not run out of the tank when it is 
flushed. 


Tanks are generally attached to the bowl 
with two or three bolts. The bolts compress a 
rubber spud washer to seal the joint around the 
flush valve, Figure 29-29. Carefully remove 
these bolts. Lift the tank from the bowl. 
Remove the flush valve by taking off the 
locknut on the underside of the tank. This 
allows the entire assembly to be pulled from 
the tank. Before installing a new flush valve, all 
remains of the old washer at the base of the 
tank should be removed so that the new 
washer will seal properly. 
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Figure 29-29. Exploded view of tank and bowl shows 
position of spud washer and the underside of flush 
valve assembly. 


When installing the new flush valve, be 
careful to align the valve so the small pipe from 
the float valve will direct water into the over- 
flow tube. Tighten the locknut only enough to 
ensure that the gaskets are compressed tightly 
against the tank. Too much pressure will break 
the tank. 

If a new tank is being installed, remove the 
float valve and the flush lever from the old tank 
and install them as described in the previous 
section. Then install the tank on the bow] of the 
water closet. 

A new closet spud washer, Figure 29-30, 
must be installed between the bowl and the 
tank. The washer compresses to form the seal 
when the closet bolts are tightened. Again, use 


Figure 29-30. Water closet spud washers come in 
many shapes. (J. A. Sexauer Mfg. Co., Inc.) 


care to prevent breaking either the tank or the 
closet bowl during this process. 


——S e 
History Brief | 
= The National Plumbing Standards Act, | 
passed by the U.S. Congress in 1992, requires | 
plumbing manufacturers and importers to pro- 
duce plumbing components that conserve | 
water. The maximum consumption of water for | 
| various devices is: 
| e Showerheads—2.5 gallons per minute. 
| e Faucets—2.5 gallons per minute. 
| e Water closets—1.6 gallons per flush. 


Problems with Water 
Supply Piping 


Five problems that are likely to occur with 
the water supply piping are: 


e Leaks at fittings. 

e Leaks in the piping. 

e Broken pipes. 

e Restricted flow through the piping. 
e Water hammer. 


Leaks at Fittings 


Leaks sometime occur at fittings because of 
other work done on the piping system. 
Twisting pipes may loosen a joint and start a 
leak. Occasionally, a joint will begin to leak for 
no apparent reason. Sometimes a leak at a 
fitting in galvanized piping is a danger sign 
that the piping system is deteriorating. The rest 
of the system should be inspected. 

Procedures for repairing leaks at fittings are 
different for each type of material. Copper, 
galvanized steel, and plastic repairs will be 
discussed separately. 


Inspecting and Repairing Copper Fittings 

A leak at a copper fitting joint can generally 
be repaired by resoldering the joint. Sometimes 
this can be done without disassembling the joint. 


Before attempting to resolder the joint, turn 
off the water and drain the pipe completely. 
Any water in the pipe near the joint will cool 
the material, preventing the solder from 
melting. Clean the area around the joint with 
abrasive paper. Apply a coat of flux to the 
cleaned area. Apply the heat to the pipe. When 
the pipe is heated, apply solder. Immediately 
after the solder has flowed into the joint, wipe 
away the excess. Refer to Chapter 10 for more 
detailed instructions on soldering. 

If this procedure fails to work, the joint 
inside the fitting is probably dirty. To correct 
this problem, use a torch to heat the joint while 
pulling the pipe out of the fitting with a pair of 
pliers, Figure 29-31. 

When the pipe and fitting are separated, 
immediately wipe off the excess solder with a 
cloth. Clean the fitting and pipe with abrasive. 
Apply a coat of flux to the inside of the fitting 
and to the end of the pipe. Reassemble and 
solder. 

If the shutoff valve leaks slightly, or if water 
slowly enters the pipe from some other source 
and prevents the solder from melting properly, 
try inserting a ball of bread into the pipe to act 
as a sponge. The bread will absorb the water 
and permit the soldering job to be completed if 
you work quickly. After the water supply is 
turned on, open a faucet near the repair and the 
bread will break up and flush out through the 
faucet. 


Figure 29-31. Using pliers to remove copper pipe from 
a fitting while heating the joint with a torch to melt the 
old solder. 
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Repairing Leaks in Galvanized (Threaded) 
Fittings 

One of the disadvantages with threaded 
pipe is that tightening one joint will loosen the 
joint on the other end of the pipe. Still, it is 
frequently possible to fix a leaking joint by 
simply tightening it with two pipe wrenches as 
shown in Figure 29-32. 

If this procedure fails to stop the leak in the 
pipe, or if it opens a leak in the joint at the 
opposite end, there are two alternatives: 


e Disassemble the joint. Inspect the pipe and 
fittings for rusting and corrosion. If damage 
is sufficient, install new pipe and fittings. If 
parts are not deteriorated, apply pipe 
compound or Teflon™ joint tape and 
reassemble. This should stop the leak. 


e If it is not practical to disassemble the joint, 
cut the pipe as shown in Figure 29-33 and 
install a union. To make allowance for the 
new fitting, subtract its length, then add the 
thread depth in the union. Refer to the chart 
in Figure 19-37 for thread depth allow- 
ances. With a union in the pipe, it is poss- 
ible to tighten each joint independently. 


Repairing Leaks in Plastic Fittings 
Plastic fittings that develop leaks present 
their own set of problems. Most plastic water 
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from turning 
Figure 29-32. How to tighten a joint in galvanized 


pipe. 
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Figure 29-33. Installing a union in a length of galva- 
nized pipe. 


supply piping is permanently cemented 
together. It is impossible to separate the pipe 
and fittings without destroying one or both. 
Figure 29-34 shows how to replace an entire 
fitting and part of a pipe so that new, 
completely cemented joints can be formed. 


Leaks in the Piping 


The principal causes of leaks in piping are: 
e Deterioration. 
e Damage due to impact or puncture. 
e Damage due to freezing. 


Repairing Leaks Caused by Deterioration 

Of the three major kinds of water supply 
piping materials, galvanized pipe is the most 
likely to leak as a result of deterioration. At any 
point where the galvanized coating has been 
removed or was not properly adhered to the 
steel originally, the pipe is likely to rust. The 
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Figure 29-34. To repair a leak in a plastic pipe fitting, 
the entire fitting and part of the pipe must be replaced. 


most likely areas for this to occur are the ends 
of the pipe where threads have been cut, or 
where the galvanized coating was damaged or 
removed. 

Where dissimilar metals are joined, 
galvanic corrosion may occur unless dielectric 
fittings are used to join the two different types 
of material. Galvanic corrosion results from a 
small electrical current being generated 
between the two metals, causing one of them to 
deteriorate. 

If deteriorated pipe is the problem, remove 
the defective pipe section and replace it. See 


Galvanic corrosion: Type of deterioration that results 
from a small electrical current being generated 
between the two metals. 


Chapter 19 for a complete discussion of mea- 
suring, cutting, threading, and installing pipe. 

Repairing damage from impact or punc- 
ture. Any pipe damaged by impact or puncture 
can be repaired by cutting out the damaged 
section and replacing it, Figure 29-35. An alter- 
native method is to install a specially designed 
clamp, Figure 29-36. This type of repair is 
temporary. It should be used only until it is 
possible to replace the defective pipe. 


Repairing Freeze Damage to Piping 

Pipe will split when freezing water expands 
in it. Repairing this kind of damage requires 
the same procedure outlined in Figure 29-35. 

Precautions must be taken to prevent the 
pipe from freezing again. One of the easiest 
ways to solve this problem is to install electric 
heat tape, as shown in Figure 29-37. 


Restricted Water Flow 


Reduced water pressure may result from 
defects in a valve or faucet. (Consult the section 
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Figure 29-35. Repairing a damaged section of pipe by 
removing a portion and installing new pipe. 
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Figure 29-36. Pipe clamps can be installed to tem- 
porarily stop a small leak in a pipe. Two styles are 
shown. (Mueller Co.) 


on faucet problems.) If that source is elimi- 
nated, it is time to inspect the piping for 
mineral deposits. 

Minerals in the water are more likely to be 
deposited on the inside of galvanized pipes 
than on other piping materials. As these 
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Figure 29-37. Wrapping pipes with electric heat tape is 
a simple way to prevent freezing. (Wrap-on Co., Inc.) 
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deposits accumulate, the inside diameter of the 
pipe gets smaller and the flow of water is 
reduced. 

To check for this condition, disassemble a 
horizontal run of pipe at a convenient location 
and inspect the inside of the pipe. If this pipe 
section is clogged other sections of the piping 
are also likely to be clogged. They will need to 
be replaced before normal water pressure can 
be restored. Consult Chapter 19, DWV Pipe 
and Fitting Installation, for more information 
on pipe and fitting installation. 


Water Hammer 


Water hammer is the term used to describe 
the banging noise that can result from the 
sudden stopping of water flow in a piping 
system. In a residential structure, for example, 
the valves on washing machines operate 
quickly and may cause water hammer. To elim- 
inate the problem, install shock arrestors as 
near as possible to the quick-closing valve. 


Frozen Water Pipes 


The likelihood that water pipes will freeze 
depends on a number of variables. Occa- 
sionally, pipes that have not frozen in years will 
freeze due to lack of the snow cover that 
normally acts as insulation. High-velocity, cold 
winds may cause pipes to freeze. Excavation 
that has reduced the earth cover over pipes 
could result in freezing. The most common 
causes of water pipes freezing, however, are 
abnormally low temperature and improper 
installation. 

Before attempting to thaw frozen pipes 
inside a building, it is essential to turn off the 
water supply. It may not be apparent that a 
pipe has broken, and extensive water damage 
could occur if the water supply is not turned 
off before the thawing operation begins. If no 
leaks are detected once thawing begins, the 
water may be turned on to help melt and flush 
out the remaining ice. 


Thawing Methods 
Frozen metal pipes may be thawed with a 
variety of devices. These include heat tape, 


heat lamps, heat guns, and electric heaters. 
Avoid using a torch, since the high tempera- 
tures created by the flame could damage solder 
joints and create steam pockets that would be a 
safety hazard. Also, the torch flame could 
ignite other building materials. 

Thawing ice in plastic pipe must be done 
very carefully to prevent damage to the pipe. 
Heat directed at the pipe should not exceed 
150°F. Use a hair dryer, electric space heater in 
an enclosed space, or a heat lamp that is moved 
frequently. A heat gun can be used if it is 
moved continually and not held too close to 
the pipe. 

Be sure to open a valve and allow the water 
to continue running until the pipe is com- 
pletely cleared of ice. When thawing a pipe, 
always be prepared to shut off the water at a 
point upstream of the frozen portion of the 
pipe. Since water expands when it freezes, it is 
possible that the pipe may be broken and will 
require replacement. 

Frozen metal pipes buried underground 
may be thawed by applying a direct electrical 
current. The electric thawing machine shown 
in Figure 29-38 is designed to produce the high 
current necessary to thaw frozen pipes. 
Current passing through the metal pipe heats 
the pipe and thaws the ice in contact with the 
pipe wall. 

Water from the main will melt the 
remainder, provided it is allowed to continue 


Figure 29-38. Electric thawing machines are recom- 
mended for thawing frozen underground pipes. (The 
Ridge Tool Co.) 


Water hammer: The banging noise that can result from 
the sudden stopping of water flow in a piping system. 


flowing for a period of time. When using an 
electric thawing machine, be careful to follow 
the manufacturer’s directions. It has sometimes 
been a practice to use electric welders to thaw 
underground metal water pipes. However, this 
method is not recommended for several 
reasons: 


e Electric welding equipment is not designed 
for this use and may be seriously damaged. 
Such use may void the guarantee on the 
equipment. 

e The high-voltage direct current that is 
applied to the pipe is extremely hazardous 
to the operator or anyone who may touch 
the pipe. 

e The electrical systems of most buildings are 
grounded to the water supply piping. The 
high-voltage, direct current being applied 
to the water pipe could damage or destroy 
appliances or even cause an electrical fire. 


Preventing Frozen Pipes 
To prevent water pipes from freezing: 


e Install water supply piping in interior 
walls, if possible. 


e If water supply piping must be run in exte- 
rior walls, insulate it thoroughly. 


e Seal the exterior of the building to eliminate 
infiltration of cold air near water pipes. 


e Use heat tape with a thermostatic control to 
warm pipes that cannot be properly 
protected. 

e Make certain the building water line is 
buried below the frost line. 

In an emergency situation, open a valve or 
faucet to allow a trickle of water to flow slowly 
through the pipe, reducing the likelihood of 
freezing. Because it wastes water, this should 
be done only for short periods until the real 
problem can be solved. 


Problems with Water 
Heaters 


Water heaters function so well that they are 
often neglected until they stop working. A few 
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simple maintenance procedures can prolong 
the life of the heater and increase its operating 
safety. In addition to presenting suggestions for 
maintenance of water heaters, this section will 
deal with the following typical repair problems: 


e No hot water. 

e Insufficient amount of hot water. 
e Water too hot. 

e Leaking tank. 

e Noise in the tank. 


Maintaining Water 
Heaters 


Sediment in the bottom of a water heater 
tank comes from settling of mineral particles in 
the water. These can be easily removed by 
draining a few gallons of water from the tank 
every six months. 

At the same intervals, check to be sure that 
the pressure/temperature relief valve is 
working. Lift the lever and allow a small quan- 
tity of water to escape. Make certain that the 
valve closes completely when it is released. If 
the valve does not operate properly, it should 
be replaced immediately. 

Gas water heaters should receive two addi- 
tional items of maintenance service: 


e The burner and pilot should be cleaned 
annually. 


e The adjustment of the flame should be 
checked. It should be clean and blue. 


The vent pipe to a gas water heater should 
be inspected for blockage or leaks. Unless the 
burned gases can escape through the vent, 
there is danger of carbon monoxide poisoning. 


No Hot Water 

In a gas water heater, the most common 
reason for failure to heat water is a pilot light 
problem. If the pilot light is not functioning, the 
main burner cannot ignite and heat the water. 
When the pilot light of a gas water heater goes 
out, check for the cause, which could be dirt, an 
excessive draft, or a defective thermocouple. 
Before attempting to reignite the pilot, clean it 
and the burner with a brush and vacuum 
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cleaner. An excessive draft can result from a fan 
being placed too close to the heater. Simply 
remove or redirect the fan to eliminate the 
draft. If the pilot flame ignites as described in 
the following procedure, but will not keep 
burning, the thermocouple is most likely at 
fault and must be replaced. 


Reigniting a Pilot Light 


To reignite the pilot: 


1. Set the thermostat valve on the pilot, 
Figure 29-39. 


2. Depress and hold the reset button. 


3. Hold a lighted wooden match or torch type 
charcoal lighter in front of the pilot orifice to 
ignite the pilot flame. 


4. Continue to hold the reset button down for a 
minute or two until the thermocouple has an 
opportunity to heat. 

5. Release the reset button. The pilot flame 
should continue to burn. If it does not, repeat 
the lighting steps. 

6. Once the pilot flame is burning steadily, 
replace the cover and turn the thermostat 
valve to the desired temperature. The main 
burner should ignite. 


Reset button 
Interrupter 


Thermocouple 


Figure 29-39. Depressing the reset button allows the 
pilot to be ignited. 


When an electric water heater does not 
produce hot water, first check the circuit 
breaker or fuse in the main electrical panel. If 
the circuit breaker is tripped to the off position 
or the fuse is blown, it probably means that one 
of the heating elements has shorted or the 
controls have malfunctioned, causing an over- 
load. Unless you are an experienced electrician 
and have the proper equipment to test elec- 
trical circuits, it is best to seek help rather than 
attempt to work with the 240-volt current being 
supplied to the water heater. 


Insufficient Hot Water 

The most obvious cause for a shortage of 
hot water is a heater that is too small. 
Generally, this condition will be noticeable 
only when there is heavy demand on the water 
heater. The only cure for this problem is to 
install a larger heater. 

If the water remains lukewarm regardless 
of the amount being drawn from the heater, 
check the thermostat. Sometimes the setting is 
accidentally moved. Simply reset the thermo- 
stat and allow the water temperature to rise to 
the desired level. 

A third possible cause is leaking of the dip 
tube near the top of the heater, Figure 29-40. In 
such cases, incoming cold water mixes with the 
hot water at the top of the tank. This causes the 
lukewarm temperature at the outlet. In many 
heaters, it is possible to remove and replace the 
dip tube. However, this may not be advisable if 
the tank is 15 or more years old. It is likely that 
the tank will not last much longer under any 
circumstances. 


Water too Hot 

The most likely reason for the water being 
too hot is a thermostat that is set too high. 
Readjust the thermostat and check the water 
after an hour or two. 

If the high temperature persists, the ther- 
mostat may not be functioning properly. If this 
condition is allowed to continue, the high limit 
protector on an electric water heater or safety 
cutoff thermostat on a gas water heater should 
cut off the supply of energy before steam is 
created in the tank. Even if this safety device 
fails, the tank should not become a safety 
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Figure 29-40. A leak in the dip tube can allow cold 
water to mix with outgoing hot water. 


hazard. The pressure/temperature relief valve 
will allow water to escape if a very high 
temperature is reached. 


Replacing a Thermostat 


To replace a defective thermostat: 
1. Turn off the energy supply. 
2. Turn off the water supply. 
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3. Drain the tank. 


4. Remove the defective part and replace it 
with a new unit. 


Once the new thermostat is installed on an 
electric water heater, completely fill the tank 
before turning on the electricity. Otherwise, the 
element will burn out. 


Leaking Tank 

If the tank begins to leak, it cannot be 
repaired. It will be necessary to replace the 
water heater. The water supply and energy 
source must be turned off. Drain the tank 
completely. Disconnect the gas or electric 
supply. Disconnect the water pipes, noting 
which is the incoming cold water, then remove 
the tank. 

When replacing a water heater, always 
install a new pressure/temperature relief valve 
and a drip line that is equal in size to the line 
supplying the water tank. 

Test the gas connection before refilling the 
tank. This may save the trouble of draining the 
new tank if additional repairs must be made in 
the gas piping. 

Never turn on an electric water heater 
before the tank is filled. The heating elements 
will be damaged if they are not submerged in 
water. 

For more information about the installation 
of water heaters, see Chapter 16. 


Noise in the Tank 

A rumbling sound in the tank as the water 
is heating is typically caused by sediment in 
the tank. Periodic draining of several gallons of 
water should eliminate the problem. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


i 


2 


10. 


Describe the three possible causes for a 
leaking compression faucet. 
Continual leaking of water around the stem 
of the faucet when the faucet is turned on is 
caused by what two things? 


. True or False? A loose washer can cause a 


faucet to vibrate and make noise. 


. Which of the following can also cause a 


faucet to be noisy? 

A. Deteriorated packing 
B. Sand in the water 

C. Water hammer 

D. Worn seat 


. Before removing a faucet stem or discon- 


necting the water supply piping from the 
base of the faucet, what must the plumber 
do? 


. What conditions should be checked when a 


faucet delivers very little water? 


. The aerator screen on a kitchen faucet may 


the flow of water if it is partially 
clogged. 
A. divert 
B. increase 
C. restrict 
D. block 


. The inspection steps for a water closet in 


which the water flows continually are 
carried out in a particular order because it 
is an efficient way to isolate the problem. 
List the six steps in the correct order. 


. What should the plumber do before 


removing any part of the float valve? 

If the water in the tank of a water closet is 
above the water level line and running into 
the overflow tube, the adjustment is 
incorrect. 

A. tank ball 

B. guide rod 

C. ballcock 

D. float arm 


Jule 


1 


13: 


14. 


15; 


16. 


iV 


18. 


If the water in a water closet tank never 

reaches the water level line, the possible 

causes are a deteriorated _, a 

misaligned ___, or a damaged or deterio- 

rated ; 

A. overflow tube; tank ball; flush valve 

B. float; rod guide; flush valve 

C. tank ball; ballcock; flush valve 

D. flush valve; rod guide; ballcock 

When a new flush valve is installed, care 

must be taken so that the will not be 

broken when the locknut is tightened. 

A. valve 

B. tank 

C. overflow tube 

D. ballcock 

A closet spud washer is installed in the joint 

between the ; 

A. flush tank and the toilet bowl 

B. ballcock and bottom of tank 

C. closet flange and the toilet bowl 

Repair of a leaky fitting in a galvanized 

piping system often requires that the pipe 

be and a installed so that the 

leaking joint can be repaired. 

A. cut; coupling 

B. disassembled; coupling 

C. cut; union 

D. rethreaded; valve 

Repairing a leaky fitting in a plastic piping 

system requires that the entire fitting be cut 

out and replaced by a new fitting attached 

to short length of pipe and a : 

A. fitting 

B. union 

C. coupling 

D. repair plate 

List the three principal causes of leaks in 

pipes. 

To prevent pipes from freezing, an electrical 
can be wrapped around the pipe. 

A. wire 

B. heater 

C coil 

D. heat tape 

If a water heater pilot light will not remain 

lit what component may have to be 

replaced? 


Suggested Activities 


1. Practice plumbing maintenance and repair 
procedures by working on actual or simu- 
lated installations that have symptoms 
such as: 

A. Faucet dripping at end of spout. 
B. Water closet will not flush. 
C. Faucet leaking at base of swing spout. 

2. Study the common repair parts available 
for faucets, valves, and water closets: 

A. How are they sized or otherwise distin- 
guished from one another? 

B. What are the advantages and disadvan- 
tages of the different products that are 
designed to serve the same function? 
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3. Examine the special tools needed to 
perform water supply repairs. 


A. 


B. 


C 


Which are most useful? 

Which are the best designed and likely 
to give the best service? 

What tools should be in the tool box of 
a plumber to perform repairs on a water 
supply system? 
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Remodeling plumbing systems can be challenging. This plumber had to break out a concrete floor in order to relo- 
cate DWV piping. 


Remodeling 


Objectives 


In many respects, the same skills and 
knowledge needed for new installations are 
required to do remodeling work. This chapter 
focuses on what must be considered in plan- 
ning, discusses how to perform tasks that are 
unique to remodeling, and refers the reader to 
other parts of this book for additional informa- 
tion where appropriate. 


After studying this chapter, you will be able to: 

e Manage a plumbing remodeling job. 

e Replace fixtures and faucets without caus- 
ing damage to other items. 

e Complete a bathroom that was roughed-in 
when a building was originally constructed. 

e Relocate existing plumbing fixtures. 

e Calculate drainage fixture units and water 
supply fixture units to determine if fixtures 
can be added to existing piping. 

e Install new plumbing in an addition to an 
existing building. 


Remodeling: As applied to plumbing, the simple 
process of replacing fixtures, or a more involved 
process of modifying the plumbing system. 

Existing piping: In remodeling, the piping that was 
installed during the second-rough stage when the 
building was constructed. 


Technical Terms 


Remodeling Drainage fixture 

Existing piping units 

Developed length Water supply fixture 
units 


Remodeling, as applied to plumbing, 
means many different things. The job may be 
as simple as replacing a bathroom faucet or 
installing a new kitchen sink and countertop. 
Some people may think of adding a point-of- 
use water filter at the kitchen sink as a remod- 
eling job. At the other extreme, remodeling 
may include a building addition that requires 
modifying the plumbing system for a new 
kitchen, bathroom, laundry area, or other 
space. An increasingly common reason for 
remodeling plumbing is to accommodate 
people with physical disabilities. This gener- 
ally involves relocating fixtures to provide the 
needed access for a walker or wheelchair. 

Since it is impossible to detail all of the 
possibilities, remodeling is presented in terms 
of the amount of change that must be made to 
the existing piping. Existing piping, in this 
case, is the piping that was installed during the 
second-rough stage when the building was 
constructed. This approach is used because the 
fixture load added in remodeling will deter- 
mine how much the existing system can be 
modified to accommodate the new fixtures. 
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The amount of modification to DWV piping 
can greatly increase the time and cost of 
completing a remodeling project. 

This chapter is divided into six major 
sections: 


e Managing remodeling jobs. 

e Replacing faucets. 

e Replacing fixtures. 

e Completing a roughed-in bathroom. 
e Relocating existing fixtures. 

e Adding new fixtures. 


Managing 
Remodeling Jobs 


Remodeling is most often done while the 
building is occupied. For this reason, it is very 
important to manage the work in a way that 
will minimize the disruption to the people 
living in the building. Careful planning will 
help ensure that code requirements are met, 
materials and fixtures are available when 
needed, and other trades perform their work in 
a timely manner. The client will want the job 
done quickly—delays caused by poor plan- 
ning, ineffective organization, or inefficient 
work habits will not be appreciated. Progress 
must be continuous. 

Coordinating the plumbing installation 
with the work of other trades is critical to effi- 
ciently completing the job. The plumber must 
know which other trades and contractors will 
be involved, and who will be responsible for 
performing each part of the overall job. For 
example, if a remodeling contractor has overall 
responsibility for the job, the plumber may not 
be involved in removing existing fixtures. 
However, the plumber does need to communi- 
cate with the carpenters to be sure the neces- 
sary blocking for fixture mounting is installed 
in the walls. Another example is a special 
requirement that is sometimes encountered: 
the client needs a functioning water closet and 
lavatory during the hours when plumbing 
work is not being done. This may mean that the 
fixtures have to be reinstalled before the work 
crew leaves the site each day. 


Protecting other parts of the building 
during remodeling can be challenging. The 
first decision to be made is establishing a route 
for workers to get from the entrance to the 
work area. The shortest route may not be the 
best if it goes through parts of the building that 
will continue to be used by the occupants. For 
example, going through the kitchen may be 
unacceptable if it will interfere with cooking. 
Avoid routes that pass through areas with 
expensive or easily damaged floors or walls. A 
route that has few turns is most desirable, 
because carrying materials around corners 
increases the likelihood of damage to walls. 
Consider using a window as a means of getting 
debris out of the building and new materials in. 
If the route requires using a staircase, it is even 
more desirable to use a window when moving 
materials into or out of the work area. In some 
cases, cutting an opening in an outside wall 
may be a possible solution. 

Once the route has been determined, take 
steps to protect the floor and, if necessary, the 
walls. Drop cloths can be used to protect floors, 
but a wide runner made from heavy plastic 
may be a better choice. It is less likely to cause 
a tripping hazard and it is completely water- 
proof. Another option is to put down drop 
cloths and cover them with sheets of plywood 
cut to fit the width of the walkway. 

Protecting stairways is a major problem 
because it is hard to install an effective 
covering that does not become a tripping 
hazard. If the stairway is carpeted, the client 
might find it acceptable to sacrifice the carpet 
and replace it after the job is completed. An 
alternative is to have a carpet installer remove 
the carpet from the stairs and replace it when 
the job is completed. If the wood under the 
carpet needs to be protected, or if uncarpeted 
stairs require protection, install an inexpensive 
carpet runner for use during remodeling and 
remove it at the end of the job. 

Door jambs, corners, and narrow hallway 
walls are especially vulnerable to damage 
during remodeling. To provide adequate 
protection for door trim, use plywood or 
lumber channels, Figure 30-1. Wood caps, 
Figure 30-2, can be fastened to corners to 
prevent major damage. To protect walls to a 
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Figure 30-1. Wood channels can be fitted over door 
jambs to protect them from damage. 


1x6 


height of four feet, you can stand plywood 
sheets on edge. When the job is complete, 
screw holes in the wall will need to be patched 
and the wall touched up or repainted. 

In addition to protecting floors and walls, it 
is necessary to consider light fixtures and any 
other items that may hang from the ceiling or 
walls. It is best to remove these items or at least 
the components that would be expensive or 
difficult to replace. For example, remove globes 
from light fixtures so they will not be broken. 
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Figure 30-2. Corners can be protected with wood 
caps made from 1 x 4 and 1 x 6 lumber. 


If a window is used to pass larger items in 
and out of the building, it will need to be 
protected from damage. In addition, a chute 
may be necessary to direct debris into a dump- 
ster. The outside wall of the building below the 
window may need to be covered with plywood 
to prevent discarded materials from damaging 
the siding or windows on lower levels. 

Once the route has been established, it 
might be necessary to separate it from the rest 
of the building. Heavy plastic sheet material 
hung over the door opening to the work area 
will greatly reduce the transfer of dust to other 
parts of the house. If the work is being done 
when either the heating or air-conditioning 
system will be in operation, it may be neces- 
sary to install a “sheet plastic wall” across part 
of a room so that the route is separated from 
the remainder of the room, Figure 30-3. 

Also, heating and air-conditioning return 
air ducts in the work area should be blocked to 
prevent dust from entering. This can be done 
by removing the register and stuffing rags or 
newspaper into the duct. 
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Figure 30-3. This system makes it possible to quickly 
create a temporary wall that can be removed without 
damaging any surface. (Zipwall, LLC) 


In cases where blocking the cold air return 
will make it difficult for the heating and air- 
conditioning system to function, a furnace 
filter can be taped over the return air duct to 
trap the dust while allowing air to circulate 
through the system. 

If the remodeling job is relatively small, it 
may be difficult to justify the amount of protec- 
tion described in the preceding paragraphs. 
The following practices can be very effective in 
minimizing damage on smaller jobs: 


e Wear shoe coverings over work shoes when 
walking inside the building. 


e Use shallow dishpans to catch water when 
disassembling P-traps and water supplies. 


e Use a wet vacuum to remove water from 
water closet tanks and bowls. 


e Disassemble water closets and place the 
tank and bowl in separate plastic bags to 
eliminate drips on the floor when carrying 
the items from the building. 

e Use five-gallon buckets or garbage bags to 
carry all used material and components 
from the building. 


e Cover the floor in the work area with a drop 
cloth and use towels to protect countertops 


from being damaged by tools and 
materials. 


e Have a sponge and absorbent rags avail- 
able and wipe up spills immediately. 


e Clean your hands frequently to prevent 
leaving dirty fingerprints on doors, door- 
knobs, walls, or other surfaces. 


e Clean up any mess promptly to prevent 
tracking and blowing. 


It only takes one stained carpet, scraped 
wall, broken light fixture, or damaged door- 
jamb to create client dissatisfaction. Replacing 
or repairing these items can be costly— 
possibly even wiping out your profit on the 
job. Even worse, it can reduce opportunities for 
repeat business and referrals. 


- History Brief 


Federal water-efficiency legislation enacted 
in 1992 limits water consumption for plumbing 
to 1.6 gallons per flush for water closets and 
2.5 gallons per minute for showerheads | 
and faucets. 


Replacing Faucets 
and Fixtures 


This form of remodeling is limited to 
replacing components that are beyond the 
stub-outs of the piping system. The new faucet 
or fixture is to be installed in the same location, 
so no modifications are made to the piping that 
was installed during the second rough. This 
section will focus on removing the old compo- 
nents and preparing to install the new ones. 


Replacing Faucets 


To replace a faucet: 


1. Turn off the water using the angle stops at 
the hot and cold water stub-outs, Figure 30-4. 


Figure 30-4. Turn the angle stop knobs clockwise to 
shut off the hot and cold water. Open the faucets to 
make certain that the water is off before disconnecting 
the water supply tubes. 


If the angle stops do not work, turn off the 
water at the meter so that the angle stops 
can be repaired or replaced. 


2. Once the water is turned off, disconnect the 
water supply to the faucets. 


3. Get under the sink or lavatory with a flash- 
light so you can see how the faucet is 
attached. If the P-trap is in the way, it will 
need to be removed to provide access. 


Professional Tip 


| Remember to place a shallow plastic dish- 
pan or other suitable container under the trap 
to catch the water. Also, install a test plug or 
stuff a rag into the DWV stub-out so that sewer 
gas does not enter the room. 


4. Remove the nuts that secure the faucet, 
Figure 30-5. 

5. If you are replacing a sink faucet equipped 
with a spray, disconnect the spray hose. 
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Figure 30-5. A basin wrench may be needed to 
remove faucets from a sink or lavatory. (Ridge Tool Co.) 


6. Use a putty knife or similar tool to loosen the 
seal around the faucet base. Be careful not 
to scratch the top of the sink/lavatory. 

7. Remove the faucet and thoroughly clean the 
area that was under it before installing the 
new faucet. 


8. Install the new faucet following the manufac- 
turer’s instructions. New water supply tubes 
should be installed with the new faucet. See 
Chapter 22 for additional details regarding 
faucet installation. 


Replacing Lavatories, Sinks, 
and Bidets 


The water supply and DWV piping require- 
ments for lavatories, sinks, and bidets are very 
similar; replacing these fixtures will be dis- 
cussed together. If a lavatory or sink is to be 
replaced without replacing the countertop, 
check to make sure that the new fixture will fit 
into the existing opening before beginning to 
remove the old unit. 

1. Turn off the water, disconnect the water sup- 
ply tubes, and disassemble the P-trap. In the 
case of a sink, remove the garbage disposal 
if present. 


2. Use a putty knife and a flat pry bar to loosen 
the seal around the base of a self-rimming 
lavatory, sink, or bidet. Rim-type sinks and 
lavatories will require removing the clamps 
from under the countertop. A nut driver or 
ratchet wrench with an extension will make 
this job easier. The sink or lavatory must be 
supported while this work is being done. 
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3. Before installing the new fixture, clean the 
area where it will be sealed to the counter- 
top or floor. 


"Professional Tip 
lf the countertop is to be replaced, it may 


be possible to leave the lavatory or sink 
| mounted in the countertop and remove both at 
one time, Figure 30-6. 


4. Check the angle stops for leaks around the 
stem and repair or replace them as needed. 


5. Install the new fixture. It is recommended 
that you install new water supply tubes, 
a new P-trap, and other drain pipes 
with the new fixture. For detailed informa- 
tion on installing new fixtures, refer to 
Chapter 22, Installing Fixtures, Faucets, 
and Appliances. 


‘Code Note 


Plumbing codes require that the drain/ | 
waste pipe serving a water closet be a mini- 
mum of 3” in diameter. If you want to add a 
water closet to an existing plumbing installa- 
tion, the drain/waste pipe to which it is con- 
nected must be at least 3” in diameter. 


Figure 30-6. If both the lavatory and the countertop 
are to be replaced, it is often quicker to remove them 
as a unit. (Jack Klasey) 


Replacing Water Closets 


To replace a water closet: 


. Turn off the water at the angle stop; then 


flush the toilet to remove most of the water 
from the tank. Remove the remainder of the 
water from the tank and the bowl. (A wet 
vacuum is very convenient for this task.) 


. Disconnect the water supply tube from the 


angle stop. 


. If the water closet is a two-piece unit, it may 


be easier to remove the tank from the bowl 
so the two components can be carried out of 
the building separately. This is done by 
removing the tank bolts and lifting the tank 
away from the bowl. 

Placing the parts in large plastic bags will 
allow them to be carried from the building 
without dripping on the floor. 


. To disconnect the water closet bowl, remove 


the closet bolt nuts. 


. Break the seal between the base of the bowl 


and the floor with a putty knife or a small, flat 
pry bar. 


. Because the base of the water closet will be 


wet and the wax Seal is likely to adhere to 
the bowl, place the bowl in a large plastic 
bag. If the entire water closet is taken out in 
one piece, or if it is a one-piece unit, it may 
be necessary to set the water closet on the 
floor temporarily. 


. Before removing the fixture, position a pro- 


tective cover and two short lengths of 2 x 4 
lumber on the floor where the water closet 
will be placed. The outlet of the water closet 
often extends below the bottom edge of the 
bowl, making it difficult for the unit to be set 
upright. 


. Remove the fixture. Placing the front and 


rear edges of the base on the 2 x 4s will 
make the water closet more stable. 


. Place a rag in the closet flange opening to 


prevent sewer gases from entering the 
room. 


10. Use a putty knife to scrape the old wax ring 
from the closet flange. 


11. Install the new water closet as detailed in 
Chapter 22, Installing Fixtures, Faucets, 
and Appliances. 


| History Brief 
In the late 1930s, Robert Zell invented the 
_ modern water stops and flexible copper risers 
| used to connect fixtures to the hot and cold 
water stub-outs. Before this invention, fixtures 
| were connected to the roughed-in piping with 
| rigid, threaded pipe and fittings. The available 
| stops were large and expensive and were 
often omitted in residential construction. Zell 
founded Brass Craft Manufacturing in 1939 to 
| produce the new products. 


Refinishing or Replacing a 
Tub or Shower 


Refinishing a tub is less expensive than 
replacing it, because of the rim around the top 
of built-in tubs. This rim makes it necessary to 
remove and replace wall materials in order to 
replace the tub. Refinishing can be done 
without removing the tub. This work is 
performed by specialty contractors; the 
plumber’s responsibility is limited to replacing 
the tub spout and the drain strainer. 

Replacing a tub or shower is considerably 
more difficult because you must remove the 
wall materials before you can take out the 
fixture. The other major problem is that the tub 
or shower may be too large to be removed from 
the room without breaking it apart. Other 
fixtures should be removed from the bathroom 
or covered to protect them before attempting to 
remove the tub or shower. 

Before beginning to remove anything, the 
water supply should be turned off. This may be 
somewhat hard to do without turning off the 
water to other fixtures. You may have to install 
valves in the hot and cold water pipes to the 
bathroom. Depending on the situation, this 
must be done either from beneath the floor or 
through an access panel in the wall behind the 
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drain end of the tub or shower. An alternative 
is to turn off the water long enough to remove 
the exposed parts of the tub/shower valve and 
install capped pipe nipples to replace the tub 
spout and the shower arm. 

Disconnect the P-trap from the DWV 
piping. If the space below the bathtub is unfin- 
ished or has a suspended ceiling, accessing the 
P-trap should not be a problem. Hang a bucket 
from the water pipe or on a nail in the floor 
joist to catch water from the trap. If the ceiling 
below the bathtub is finished, you will have to 
use the access panel in the wall behind the 
tub/shower valve. A shallow pan and towels 
can be used to catch the water from the P-trap. 
Plug the end of the DWV pipe to prevent sewer 
gas from entering the house. 

Removing a one-piece molded fiberglass 
tub/shower stall requires cutting the unit into 
pieces that are small enough to go through the 
door openings. A reciprocating saw, sledge 
hammer, and a wrecking bar will be very 
useful. Be careful with the reciprocating saw — 
the long blade could cut through the wall into 
an adjoining room. Determine where electrical 
wiring and the hot and cold water pipes are 
located before beginning the cuts. Some elec- 
tronic stud finders, Figure 30-7, can locate live 
electrical wires and metal pipes in the wall 
cavities. Mark these areas with a felt marker or 
a grease pencil. 


Figure 30-7. Stud finders like this one will also locate 
live electric wires and metal pipes that are hidden in 
wall cavities. (Zircon Corp.) 
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Removing an enameled cast-iron tub is 
difficult because of the fixture’s weight and 
size. The easiest method is to break the tub 
apart and carry it out in pieces. Disconnect all 
water supply and drain piping, including the 
cap at the overflow. 

A sledge hammer can be used to break up 
the tub. Begin by striking large, flat areas such 
as the bottom or the sides of the tub. If curved 
parts of the casting are difficult to break, they 
can be cut using a reciprocating saw and the 
appropriate blade. Cutting part of the way 
through the casting will make it easier to break. 

Safety is a major concern, since slivers of 
enamel and small, sharp-edged pieces of cast 
iron will break off the tub when it is hit. Pieces 
of cast iron may fly a considerable distance. 
Wearing safety goggles or a face shield and 
heavy gloves is essential. To prevent possible 
injury from flying debris, only the person using 
the sledge hammer should be in the space 
where the work is being done. 

There is a danger of cracking walls or ceil- 
ings in adjacent rooms. This problem is 
reduced by hitting the tub in large, flat areas 
where it is most likely to break. Once some of 
the large, flat areas are removed, hitting down- 
ward on the top edge near the middle of the 
tub should cause it to break without damaging 
the ceiling below. Breaking the long top back 
edge of the tub is most likely to crack the wall 
in the adjacent room. Try to break away the 
side below the top edge of the tub first and 
then break the top edge by swinging down- 
ward. The amount of force needed can be 
reduced by first sawing part of the way 
through the cast iron. 

Take care when handling the broken pieces. 
Get help to carry large pieces of cast iron, 
which could easily weigh 100 pounds and be 
awkward to carry. 

Removing a shower base is similar to 
removing a tub. Both components have a rim 
that makes it necessary to first remove the wall 
materials. Disconnecting the drain from the 
DWV piping often can be done in the same 
way as for a bathtub. Where a shower base is 
installed over a concrete slab, however, there is 
no access to the drain below the shower base. It 
may be possible to use pliers to pull out the 


compression gasket that seals the drain pipe to 
the shower drain body. If this does not work, it 
will be necessary to cut or break the shower 
base away before the drain body can be sepa- 
rated from the drain pipe. 

When shower bases are installed in 
concrete floors, an area is blocked out in the 
concrete floor around the drain to permit the 
shower base to be put in place. If the shower 
base is molded plastic, it will be relatively easy 
to drill a hole near the drain body and saw 
around it to separate the shower base from the 
drain pipe, Figure 30-8. If the shower base is 
not molded plastic, you will have to drill a 
series of holes around the drain body and 
break away enough of the shower base to 
permit separating the drain body from the rest 
of the shower base. Once the shower base is 
removed, cut the drain body so it can be 
removed from the drain pipe. It is a good idea 
to stuff a rag into the drain pipe so that debris 
does not enter the drain. 

Installing replacement tubs and shower 
bases is done the same way that new tubs 
and shower bases are installed. Figure 30-9 
shows a modular unit being installed. Refer to 
Chapter 18, Preparing for Plumbing System 
Installation, for information about preparing 
the framing to receive a tub or shower base. 
Details about the installation of these fixtures 
are provided in Chapter 22, Installing Fixtures, 
Faucets, and Appliances. 


Figure 30-8. Drill a hole approximately 1” outside the 
drain and use a saber saw to cut around the drain 
body to separate it from the shower base. 


Figure 30-9. Installing a modular shower unit. 
A—Setting the base in place. Note the shower valve in 
the stud wall at left. B—The base must be carefully 
leveled and fastened to the framing before the other 
modules are installed. (Jack Klasey) 


Completing a 
Roughed-in Bathroom 


It is common practice to rough-in DWV 
piping for a bathroom in the basement of a 
house at the time the house is built. It is much 
less expensive to install this part of the 


Developed length: The distance measured along the 
centerline of the pipe and fittings. 
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plumbing system before the concrete floor is 
poured. The rough-in typically includes a 
closet flange, a blocked-out space with a P-trap 
for a tub or shower, a drain for a lavatory, and 
a floor drain in the area near the tub/shower 
drain, Figure 30-10. The vent piping for the 
water closet, tub or shower, and the floor drain 
should be in place. 

Check to determine where the vent for the 
lavatory is located. The basic question is, “How 
far is the vent from the lavatory trap?” Code 
typically requires that the developed length of 
the pipe and fittings from the trap weir to the 
vent not be more that 5’ for 14” traps or more 
than 6’ for 1%” traps. Developed length is mea- 
sured along the centerline of the pipe and 
fittings, Figure 30-11. If this distance is 
exceeded, either the lavatory must be relocated 
or the vent piping must be modified so that the 
limit is not exceeded. 

If the sanitary tee for the lavatory drain 
was not installed during rough-in, it will be 
necessary to cut the vertical drain pipe and 
install a new sanitary tee. The amount of pipe 
that must be removed is equal to the laying 
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Figure 30-10. The rough-in DWV piping for a basement 
level bathroom should look something like this example. 
The position of the fixtures and the walls will need to be 
worked out to take advantage of the rough-in. 
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Figure 30-11. The diameter of the trap determines the 
maximum developed length from the trap weir to 
the vent. 


length of the tee. If you are not able to move the 
pipe vertically, it may not be possible to install 
a standard sanitary tee. Two alternatives are 
available. First, you could use a flexible sani- 
tary tee that can be bent to allow it to be 
installed. See Figure 30-12. When using a flex- 
ible sanitary tee, place the stainless steel 
clamps over the pipe before installing the sani- 
tary tee. Second, you could cut out a longer 
section of pipe and use a repair coupling to 
make the final connection. 


Code Note 
Making solvent cement joints between two | 


| different types of plastic pipe is generally pro- 
| hibited. The use of saddle-type fittings may | 
also be prohibited by local code. 


Water supply piping may or may not have 
been extended to the roughed-in bathroom. If it 


Figure 30-12. Flexible fittings make it relatively easy 
to install a new fitting within an existing run of DWV 
pipe. (Fernco) 


was not, branch connections will need to be 
made in both the hot and cold water piping to 
supply the new bathroom. Make these connec- 
tions at a location where the hot and cold water 
piping is %” in diameter so that an ample 
supply of water will be available to the fixtures. 
For more information about installing water 
supply piping, see Chapter 20. 

Once the rough-in piping is complete and 
the tub or shower base has been installed, the 
work must be checked by the local plumbing 
inspector. Once the rough-in is approved, the 
walls can be enclosed. The finish stage of 
plumbing installation will be completed near 
the end of the project. The procedures for 
completing this work are the same as for new 
installations. 


Relocating Fixtures 


Improved use of available space or the need 
to accommodate individuals with physical 
disabilities are common reasons to move one or 
more fixtures. Since no additional fixtures are 
to be installed, the size of the existing DWV 


piping should be adequate. The following 
paragraphs illustrate what can be accom- 
plished with limited modification of the DWV 
system. Remodeling jobs that require reloca- 
tion of fixtures beyond these limits are 
discussed later in this chapter. 

The first question that needs to be 
answered is, “Where are the DWV pipes 
located?” Because the client wants to know 
how much the job will cost before agreeing to 
have the work done, it is often necessary to 
identify DWV piping locations before walls are 


Tub drain 


Tub/shower 


9’-0” 
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opened. If the lower level is unfinished or has a 
suspended ceiling, you will be able to see the 
stack and at least some of the branch piping to 
the individual fixtures. An unfinished attic 
space should allow you to see where vents 
extend from the walls. It is a good idea to make 
a scaled, dimensioned drawing showing the 
location of existing fixtures, the main stack, 
other vent piping, and all DWV stub-outs, 
Figure 30-13. 

Even if you cannot see the DWV piping 
below the floor or in the attic, it is highly 


sean 
Lav. drain 
Pipe ìn 
3297 wall or 


below floor 


Stub-out 


Figure 30-13. Making a scaled drawing of the existing plumbing installation allows you to consider the impact of 
alternative fixture layouts on the existing DWV and water supply piping. 
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probable that the main stack is located in the 
wall near the water closet. You should be able 
to confirm this location by identifying where it 
passes through the roof. In the following 
example, the location of the main stack will not 
be changed because of the cost of this type of 
job. The piping to the water closet can be modi- 
fied without removing the main stack. 
However, this work will require access to the 
DWV piping below the bathroom floor. The stack 
must be cut above and below the sanitary tee 
to the water closet so the tee can be rotated. 
The length of the horizontal waste pipe from the 
sanitary tee to the 90° ell below the closet 
flange can also be modified to some extent. 
Once the main stack is located, the alterna- 
tives for the location of the water closet can be 
determined by drawing two circles from the 
centerline of the main stack. The smaller circle 
represents the minimum distance that the 
closet flange can be from the stack. The larger 
circle represents the maximum distance at 
which the plumbing code will permit the closet 
flange to be from the main stack, Figure 30-14. 
For example, assuming part of the wall behind 


Minimum 
distance closet 
flange can be 
i from stack. 


Maximum distance 
closet flange can 
be from sa 


Figure 30-14. Theoretically, the closet flange can be 
located anywhere within the shaded area. 


the water closet can be removed, the fixture 
could be rotated 90°. 

A similar procedure can be used to establish 
how far the lavatory and the tub or shower can 
be moved without changing the vertical drain 
and vent piping. With this information 
recorded on the scaled drawing, it is possible to 
consider alternative layouts that can be accom- 
plished without major changes to the DWV 
piping, Figure 30-15. 

Assume that Design A is selected. The 
waste pipe to the lavatory will need to be 
rotated and lengthened. The tub will be 
replaced by a shower stall with a drain close 
enough to the location of the old tub drain to 
permit a P-trap to be installed without modi- 
fying the drain pipe. The lavatory drain will 
need to be modified as shown in Figure 30-16. 

Before these tasks can be performed, the old 
fixtures, vanity, wall materials, and floor cover- 
ings must be removed. The procedures for 
removing fixtures are described in the previous 
sections of this chapter. Removal of wall mate- 
rials and relocation of walls will be done by 
other trades. The carpenters will need to know 
the dimensions of the shower stall and the loca- 
tion of blocking needed for each of the fixtures. 
It is generally easier to install the shower unit 
before the third wall is constructed, if this work 
can be coordinated with the carpenters. Also, it 
may be easier to make changes to the water 
closet waste pipe and the lavatory drain while 
the carpenters are on the job because of the 
need to modify some of the framing. 

To modify the main stack, it will be neces- 
sary to cut the stack above and below the sani- 
tary tee that serves the water closet. These cuts 
must be made in locations that are accessible 
both for making the cuts and installing the 
replacement parts. It is often easier to make the 
top cut far enough above the floor that a 
coupling can be installed. Before making the 
bottom cut, consider the position of the new 
sanitary tee. For example, must the new sani- 
tary tee be installed so the horizontal pipe 
to the closet flange passes below floor joists? 
If this is not practical because of needed 
headroom on the lower level, the carpenters 
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Figure 30-15. Each of these designs features 
increased the space between fixtures to improve 
access for individuals with physical disabilities. 
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will need to modify the floor framing to fit the 
joists around the pipe. 

Changes to the drain pipe for the lavatory 
are done in essentially the same way. The major 
concern is to position the new sanitary tee at 
the correct height so that a slope of “4” per foot 
of run is maintained from the stub-out to the 
sanitary tee. The new sanitary tee plus a short 
length of pipe can be installed, using either a 
repair coupling or a flexible coupling. The next 
task is to install the horizontal pipe from the 
sanitary tee inlet to the stub-out. The proce- 
dures for installing DWV piping are described 
in Chapter 19. 

If the needed modifications cannot be made 


o 


Code Note 
| — Plumbing codes establish limits for the | 


| 
developed length of the pipe and fittings from | 
| the weir of the P-trap to the stack. 


oea na ——s | 


without relocating the vertical stacks, it is less 
difficult and less expensive to relocate 14” and 
2” diameter stacks than it is to move 3” or 4” 
diameter stacks. Blocking in wall framing and 
electrical wiring may be in the stud cavity 
where the new stack is to be installed. Holes 
can be drilled through blocking, sole plates, 
and double top plates for 14” and 2” diameter 
stacks just as they would be for a new installa- 
tion. It may even be possible to bend electrical 
wiring around the new pipe without replacing 
wiring. However, neither 3” nor 4” pipe and 
fittings will fit inside a wall framed with 2 x 4s. 
Furring strips or a double framed wall will be 
required as described in Chapter 18. The 
photos in Figure 30-17 illustrate how existing 
DWV piping can be modified to relocate 
fixtures even when the original installation was 
below a concrete floor. 

In addition to modifying the DWV piping, 
it will be necessary to change the water supply 
piping that serves the lavatory fixture that was 
moved. If possible, it is best to remove the 
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Figure 30-16. If the drain to the existing lavatories is installed in the wall, the procedure outlined in Option A can 
be followed to make the modification. If the lavatory drains are installed below the floor, Option B should be 


followed. 


existing risers and alter the horizontal run of 
pipe so that new risers can be installed to 
provide stub-outs at the desired location, 
Figure 30-18. If it is impractical to remove the 
existing riser, the existing risers can be cut off 
and extended horizontally through the studs to 
the required location. 


Adding New Fixtures 


When a remodeling project involves adding 
new fixtures, the size of existing DWV piping 
must be evaluated to determine if it is large 
enough to carry the additional load. The 
following sections outline typical jobs that 
involve adding fixtures to an existing bath- 
room and the addition of completely new 
plumbing facilities to an existing building. 


Figure 30-17. Drains below concrete floors can be 
relocated by breaking out a channel in the concrete 
floor and extending the pipe to the desired location. 
(Jack Klasey) 


Adding Fixtures in an 
Existing Bathroom 


Adding a lavatory to an existing bathroom 
is a relatively simple example of a job that 
involves adding fixture drainage units to an 
existing piping system. Assume that the 
existing bathroom piping includes a 3” diam- 
eter stack and a branch to the lavatory 2” in 
diameter. The horizontal pipe at the base of the 
stack is 3” in diameter. See Figure 30-19. The 


Drainage fixture units (dfu): A number that represents 
the load a fixture places on drainage piping. 
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Cut cold and hot water 
pipes to the right of the 
tees and remove the pipe 
and fittings to the left. 


Use couplings to 
join the existing 
pipe and the new 
pipe. 

Figure 30-18. Removing the risers to the two existing 

lavatories and installing new risers for the new lavatory 

completes this part of the job. 


notes and calculations in the drawing indicate 
that each section of pipe is large enough to 
carry the load. Therefore, a lavatory can be 
added to the existing piping. The only other 
concern is the need for a vent for the new 
P-trap. Since the developed length of the 
new 2” pipe and fittings to the new P-trap will 
extend more than 5’ from the existing 2” vent, a 
new loop vent will be required, as shown in the 
drawing. Developed length is measured along 
the centerline of the pipe and fittings. 

If the job is to add both a lavatory and a 
tub/shower to an existing half bath, the load 
on the DWV piping is calculated the same way 
as described in the preceding paragraph. The 
total load carried by the horizontal drain/ 
waste pipe would be 6 drainage fixture units 
(dfu) and the existing pipe is large enough to 
carry the additional load. 
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Figure 30-19. The number of drainage fixture units 
(dfu) that each fixture contributes to the load on the 
existing piping allows the plumber to determine where 
the branch for the new installation can be connected. 


Code Note 


Cleanouts are required in the drainage 
piping at each change in direction that is 
' greater than 45°, except that not more than 
, one cleanout is required per 40’ of run regard- 
less of the change in direction. 


It will also be necessary to extend the hot 
and cold water supply piping to the new 
fixtures. Before beginning these modifications, 
the capacity of the existing supply piping to 
serve the additional load must be calculated. 
Figure 30-20 illustrates these calculations for 
the preceding example. The size of the branch 
hot and cold water pipes serving the bathroom 
is dependent on the water supply fixture units 


(wsfu) of the fixtures connected to the branch, 
the developed length of the pipe and fittings, 
and the pressure of the water in the piping 
system. For the example shown, it was 
assumed that the pressure was in the range of 
40 psi-49 psi. Given this pressure, the maxi- 
mum number of wsfu that can be supplied by 
4” pipe is 3 for a maximum of 40’ of developed 
length of pipe and fittings. For %” pipe, the 
maximum number of wsfu that can be 
supplied is 9.5, for a maximum of 40’ of devel- 
oped length of pipe and fittings. Check local 
code to determine if these values are correct for 
your area. 

Given the situation described, the cold 
water branch must be installed with %” pipe 
and fittings as far as the water closet. The risers 
can be %” pipe and fittings and the cold water 
pipe from the water closet to the shower can 
also be %”. The hot water branch can be entirely 
/” pipe and fittings. 

Once it has been determined that the pipe is 
of sufficient diameter, the existing pipe can be 
modified by adding the pipe and fittings. If the 
existing pipe is not large enough to supply the 
additional fixtures, the new water supply 
piping will need to be connected to the %” or 
larger pipe near the water heater. 


Completely New 
Plumbing Facilities 


The first example of the installation of 
completely new plumbing facilities is for an 
apartment building where the owner wants to 
convert part of the basement level into an effi- 
ciency apartment. The new apartment will 
have a bathroom with a water closet, shower, 
and lavatory. The kitchen will be equipped 
with a sink, dishwasher, and garbage disposal. 
Figure 30-21 illustrates how the load on the 


Water supply fixture units (wsfu): A number that 
represents the load a fixture places on water supply 
piping. The size of the branch hot and cold water 
piping is dependent on the water supply fixture units 
of the fixtures they serve. 
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Figure 30-20. Calculating the load on the existing water supply piping determines where the branch for the new 


installation can be connected. 


DWV system is calculated. Note that the 3” 
horizontal building sewer installed at a slope of 
%” per foot of run is too small to carry the addi- 
tional load. If the 3” horizontal pipe had been 
installed at a slope of %” per foot of run, the 
maximum load allowed would be 42 dfu and 
the additional load could be carried. Also, if the 
horizontal sewer pipe were 4” in diameter, the 
maximum load would be 180 dfu for a pipe 
sloping %” per foot of run and 216 dfu for a pipe 
sloping %” per foot of run. You will need to 
check local plumbing code to determine if the 
values given in these examples are correct 
according to the code for your area. 

The new 3” DWV branch will have to 
include a vent that extends through the roof. In 
a multistory building, the installation of such a 
vent can be complicated. It is difficult to find a 
location for the vent that does not interfere 
with the floor plan. Assuming that the floor 
plan for each apartment is identical, it may be 
possible to install the new vent in the corner of 
a closet or in the corner of a room on each floor. 
In either case, wall material will need to be 
removed in each apartment so openings can be 
cut in the framing and the pipe installed. 

When the new fixtures add more fixture 
units to the load than the existing DWV piping 


can carry, changes must be made to the DWV 
piping. In the preceding example, replacing the 
3” horizontal building sewer downstream from 
the branch to the new bathroom with 4” pipe 
will permit the installation to be completed. 
Another alternative would be to replace the 
three 3.5 gpf water closets with 1.6 gpf water 
closets and remove one of the lavatories in each 
of the existing apartments to reduce the load on 
the piping system by 6 dfu. This reduces the 
total on the horizontal sewer to 35 dfu, making 
it possible to install the new bathroom without 
replacing the 3” horizontal pipe. 

The basic point is that any connection to the 
existing DWV piping must be made at a point 
where the DWV piping is large enough in 
diameter to carry the total load entering that 
portion of the DWV piping system. The 
amount of work involved in doing this job 
largely depends on how much concrete floor 
must be removed to install the new DWV 
piping and how difficult it will be to install the 
new vertical stack. 

Water supply piping to the new apartment 
also needs to be evaluated to be sure that water 
pressure will be adequate and that sufficient 
hot water will be available. Assuming that each 
apartment has its own water meter, installation 
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Figure 30-21. Calculating the load on the DWV piping system allows the plumber to determine if new plumbing 


facilities can be added without overloading the system. 


of the water supply piping is essentially the 
same as designing a completely new system. If 
all the apartments are served by a common 
water meter, you must first determine if the 
pipe from the water main to the meter is large 
enough to carry the increased load. The local 
water utility will be able to advise you 
regarding this question. Assuming that the 
pipe is of adequate size, you can extend a 
⁄” water supply line from the meter to the 
new apartment and install a separate water 
heater for the apartment. The remainder of the 


installation is the same as any new water 
supply installation. 

On occasion, remodeling will involve 
installation of plumbing that is a considerable 
distance from the existing plumbing system. 
For example, the addition of a new master suite 
at the end of a house may mean that the hori- 
zontal drain/ waste piping would need to run 
nearly the full length of the building to be 
joined with the existing DWV system. In such a 
case, it may be more practical to run the 
drain/waste pipe below ground, outside the 


building and connect it to the building sewer 
between the house and the sewer main. Such 
an installation avoids the need to cut through 
the concrete basement floor. It also avoids any 
problem of maintaining the correct slope of the 
new horizontal drain/ waste pipe. It is unlikely 
that the existing horizontal drain/waste pipe is 
far enough below the concrete floor to permit a 
new, long horizontal run to be installed at the 
correct slope without rising above the concrete 
floor. 


~ History Brief 


| A 1999 study by the American Water — 
| Works Association Research Foundation | 
documented that the three largest consumers | 
| of water in homes not equipped with water- | 
efficient fixtures were: 


| Toilets—20.1 gallons per person per day. 
Clothes washing—15 gallons per person per 
day. 
Showers—13.3 gallons per person per day. 


Se NR a 
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The water supply piping for an addition 
that is a considerable distance from the existing 
water supply piping needs to be carefully eval- 
uated because of both pressure loss due to fric- 
tion of the flowing water and heat loss in the 
hot water line. For installations like this, it is 
often best to connect to the cold water line near 
the point where it enters the building and 
extend a %” pipe to the new addition. Installing 
either an instantaneous or a small storage type 
water heater to serve the new addition will 
greatly reduce heat loss. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1. True or False? Old plumbing fixtures are 


always removed by plumbers. 
2. Floors can be protected with 

A. drop cloths 

B. wide, heavy plastic runners 

C. sheets of plywood 

D. A,B, and C are all correct. 


3. Outside corners on hallways and rooms can 


be protected with wood 
A. frames 

B. channels 

C. corner caps 

D. dowels 


4. To prevent spilling water when carrying a 
used water closet from a building, place the 


tank and bowl in plastic 


5. When removing faucets and fixtures, begin 


by ; 

A. loosening the fasteners 

B. removing the P-trap 

C. removing the water supply tubes 
D. turning off the water 


6. To loosen the seal around the base of a self- 
rimming lavatory, sink, or bidet, use a 


A. putty knife 

B. flat pry bar 

C. hammer 

D. Both A and B are correct. 


7. Removing tubs and shower bases requires 
that be removed before the tub or 


shower can be taken out. 
. wall materials 
faucet/valve 

drain 

. showerhead 


Joar 


KO 


ae 


ee 
ies 
14. 
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. Hot electrical wires and metal pipes hidden 


in walls can be detected with sophisticated 


A. stud finders 
B. transits 

C. meters 

D. gages 


. Give two reasons why safety is a major 


concern when using a sledge hammer to 

remove a cast iron tub. 

Installing a new fitting in a fixed run of pipe 

requires removing an amount of pipe at 

least equal to the ___ of the fitting. 

A. overall length 

B. diameter 

C. laying length 

D. None of the above are correct. 

True or False? When remodeling projects 

involve adding new fixtures, the size of 

existing DWV piping must be re-evaluated 
to determine if it is large enough to carry 
the additional load. 

The abbreviation dfu stands for 

The abbreviation wsfu stands for 

If analysis shows that the load on the DWV 

piping exceeds the capacity of the pipe, 

what might be done with existing fixtures 
to reduce the load? 

When a remodeling job requires that water 

supply piping be run for long distances, it is 

best to 

A. extend a” pipe from near the meter to 
the new addition. 

B. install either an instantaneous water 
heater or a small storage-type water 
heater to serve the new addition. 

C. make a new connection to the water 
main. 

D. Both A and B. 


Suggested Activities 


1. Study the local plumbing code to determine 
what is required for making additions or 
modifications to the DWV and water 
supply piping systems. 

2. Visit a plumbing supply company or home 
improvement store that has a design center 
and investigate the variety of bathtubs, 
whirlpools, baths, showers, toilets, lavato- 
ries, sinks, and bidets that are available. 

3. Visit a site where extensive remodeling of a 
plumbing system is in progress. Seek 
answers to questions such as: 


A, 


What problems were encountered, and 
how were they solved? 

What is being done to protect other 
parts of the building from damage? 
What materials are being installed? 


. How are modifications to the DWV and 


water supply piping being made? 
What tools are being used? 

How are the various trades involved in 
the project being coordinated? 


. What safety problems were encoun- 


tered? How were they handled? 
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Section 5 

Career Development 

and Plumbing 
History 


Job Organization 


Objectives 


This chapter presents an overview of how to 
effectively plan and organize a plumbing job. 


After studying this chapter, you will be able to: 


e Describe how to become familiar with a 
new plumbing job. 


e Identify the materials, supplies, tools, and 
equipment necessary to complete a plumb- 
ing job. 

e Describe the importance of teamwork to the 
successful completion of a job. 


e Make better use of your time. 


e Describe how to coordinate plumbing with 
the work of other trades. 


Technical Terms 


First-rough stage 
Second-rough stage 
Finish stage 


Effectively completing any job requires 
organization. Understanding what needs to be 
done and sequencing the tasks; gathering tools, 
materials, and supplies; coordinating work 
with other trades; working as a team; antici- 
pating safety hazards; arranging for deliveries 
and inspections; and ensuring quality are all 
important aspects of job organization. In this 


chapter, suggestions will be made to help you 
organize your work and carry it out in an effi- 
cient and effective manner. 


Understanding and 
sequencing the Job 


The first task at hand is to understand what 
is to be accomplished. For a new building, this 
may be somewhat more complex than for a 
plumbing repair job. However, the need to 
understand the requirements is vital, because 
they will guide the entire work cycle. For a new 
building, this means reviewing drawings and 
specifications. The checklist in Figure 31-1 
includes a number of questions that can be 
answered by reviewing plans and specifica- 
tions. Once you have reviewed the plot plan 
and floor plans to obtain an overview of the 
work, study the plumbing plans. These draw- 
ings, if included in the set of building plans, 
will provide considerable detail about the size 
of the pipe and fittings. For many residential 
structures, however, plumbing drawings will 
not be included. In such cases, it will be the 
plumber’s responsibility to determine the size 
of the pipe by following local code. 

Before proceeding, review the specifica- 
tions to determine the type of materials 
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CHECKLIST FOR REVIEWING PLANS 
C] LOCATION OF BUILDING 


O Address 


O Best route to site 


O Location of nearby plumbing supply house 


O PLOT PLAN 


O Orientation of structure on site 


© Location of water main 


© Location of sewer main 


© Location of water meter 


C FLOOR PLAN 
O Plumbing requirements on each floor 


Bathrooms 


Kitchens 


Utility rooms 


Laundry rooms 


Drinking fountains 


Floor sinks 


Appliances (ice makers, etc.) 


Water heater 


Dishwasher 


Washing machine 


Garbage disposal 


Figure 31-1. Sample checklist for reviewing plans. 


C] PLUMBING PLANS (IF INCLUDED) 


O Sizes of pipe 
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O Complexity of piping 


O Location of stacks 


© Locations where plumbing may interfere with HVAC or other items 


C] SPECIFICATIONS 


O Type of pipe and fittings to be used 


O Fixtures 


O Any special or unique requirements 


Figure 31-1. Continued. 


required. Once you have a general under- 
standing of the job, it is time to study the plans 
and specifications in a more detailed manner. 
Detailed estimates may have been prepared 
before entering into a contract for the work. If 
so, these estimates may be used to identify the 
materials needed for the job. Otherwise, you 


First-rough stage: Extension of the building sewer 
and water supply lines from the water and sewer 
mains into the building. 

Second-rough stage: The installation of all plumbing 
that will be enclosed in the walls or that must be 
installed before the walls are finished. 


may have to make sketches of the piping to 
identify the quantities of pipe and fittings 
required. This work should be done in stages to 
match the installation process. The first-rough 
stage consists of installing the building water 
and sewer lines. It involves tapping both the 
water and sewer mains, trenching, installing 
the water and sewer pipe, and installing the 
meter yoke. Inspection of the work and back- 
filling the trench are also part of this stage. 
Figure 31-2 lists the information that should be 
gathered before planning the first-rough stage. 

During the second-rough stage, all pipe and 
fittings that will be covered in the finished 
structure are installed. These are the water 
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CHECKLIST FOR FIRST-ROUGH STAGE 


L] Permits 


O Water main tap 


C Sewer main tap 


O Corporation stop 


O Curb stop 


C] Curb box 


O Water supply pipe and fittings 


C Meter yoke 


O Sewer pipe and fittings 


C Cap or plug (to protect end of building sewer) 


O Backfill material 


O Baracades 


Figure 31-2. Sample checklist for the first-rough stage of a plumbing installation. 


supply and DWV components that will be 
inside walls, floors, and ceilings. Planning for 
this work separately from the other two stages 
is more efficient. 

Identifying the pipe and fittings required 
and the bathtub and shower bases that must be 
installed during the second rough may be time- 
consuming. For a small home, a single list of 
materials often will be sufficient. For larger 
buildings, however, it may be better to identify 
and list separately the materials required for 
each floor of the building. The idea is to have 
everything that is needed to perform the 
work, but to limit the amount of unused mate- 
rials that must be stored at the site. This will 


minimize problems of theft, damage, and space 
for storage. Also, dividing the list of materials 
by floors will permit the needed materials to be 
delivered in separate orders to the correct floor, 
rather than having them dropped off in one 
place. Figure 31-3 provides a checklist of items 
that must be identified for use in the second- 
rough stage. 

If sizing of the water supply and DWV 
piping has not been completed, it must be done 
at this point. Sizing errors can be very costly. If 
the pipe is too small, it will need to be replaced. 
If it is too large, the cost of the installation will 
be increased unnecessarily. Therefore, great 
care must be taken to eliminate errors before 
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CHECKLIST FOR SECOND-ROUGH STAGE 
O DWV pipe 


Amount 


Amount 


Amount 


O DWV fittings 


Amount 


Amount 


Amount 


C] Recessed bathtubs 


L] Shower bases 


C] One-piece shower units 


O Caps or plugs (for DWV pipe and fittings) 


O Water supply pipe 
Amount 
Amount 
Amount 

O Water supply fittings 
Amount 
Amount 
Amount 

C] Stub-outs 

C Hose bibbs 


O Sump pump and piping requirements 
LI Trap primers 
O Any unique fittings 


[_] Teflon™ tape 


C] Solder 


O0 Flux 
CI Propane 
O pesi ape deena a — — ——n m 


[_] Plastic cement 


Figure 31-3. Sample checklist for the second-rough stage. 
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the installation is carried out. Asking a well- 
qualified individual to review your work could 
save a great deal of money. Not only are errors 
more likely to be detected, but it may also be 
possible to identify more efficient or lower-cost 
alternative methods of performing the work. 

The finish stage of a plumbing installation 
is carried out near the end of the construction 
process. Installing fixtures, faucets, appliances, 
and water heaters are the major tasks. A variety 
of materials will be required to complete this 
work. The specifications should identify the 
fixtures and faucets to be used. The parts neces- 
sary to connect the fixtures and faucets will 
need to be specified. Before beginning the 
finish work, information such as that listed in 
Figure 31-4 should be obtained. 

For a smaller job, such as adding a bath- 
room to an existing building, the process is 
essentially the same. The primary difference is 
that the first-rough stage is eliminated. The 
first question that must be answered is where 
the water supply and waste piping can be 
joined to the existing plumbing. Finding the 
answer to this question may be difficult, 
because the fixture load on the existing system 
must be recalculated to determine if the 
existing pipe is large enough to carry the addi- 
tional load. Once it is determined where the 
connections may be made, the planning of the 
second-rough stage may begin. In most cases, 
an on-site inspection of the existing structure 
should be made before planning additions or 
beginning remodeling work. This will permit a 
better understanding of how the new work 
relates to the existing plumbing system. 

Understanding the nature of plumbing 
repair work is sometimes very difficult. A tele- 
phone call indicating that a “faucet is leaking” 
or “the basement is flooded” suggests a 
symptom. However, it does not provide 
enough detail to let you know exactly what the 
problem is or what materials will be required 
to fix it. Sometimes, a few specific questions 
will help you understand the problem better. 
For example, if the type of faucet that is leaking 
is known and the location of the leak is indi- 
cated, it may be possible to bring along the 
necessary repair parts and tools, rather than 
needing to make two trips. 


Checklist for Finish Stage 
[C] Sinks 


C] Lavatories 


L Check specifications for: 
Fixture requirements 
Faucet and valve C] P traps 

requirements C] Faucets 

CI Toilet bowl seal O Water supplies 

C Closet bolts [C] Water supply stops 

C] Shower/tub valves 


L] Showerheads 


C] Water supplies 

C] Water supply stops 
O Teflon™ tape 
O Solder 


[C] Garbage disposal 


connection 

C] Water heater [C] Propane 
T/P relief vaive [O Plastic pipe cleaner 
Unions O Plastic pipe cement 
Drip pipe and fittings [|] Plumbers’ caulk 
C Icemaker connections 
C] Water treatment devices 

Water softener 

Filter 


Other 


Figure 31-4. Sample checklist for the finish stage. 


Preparing a List of 
Materials and 
Supplies 


By studying the plans and specifications, 
you should be able to develop a general idea of 
the materials and supplies needed to perform 
the job. An on-site inspection of the job is also 
beneficial. To clarify details, you can make 
sketches of the pipe and fitting installation. 
With this background, it should be possible to 


Finish stage: Stage in which lavatories, water closets, 
sinks, faucets, hose bibbs, showerheads, and 
plumbing accessories are installed. 


History Brief 

In the late 1880s, two organizations were ~ 
formed that have made important contribu- | 
tions to the improvement of plumbing in the 
U.S. The United Association of Journeymen 
Plumbers, Gas Fitters, Steam Fitters and 
Steam Fitters’ Helpers of the United States 
and Canada, known today as the United 
Association of Journeymen and Apprentices 
of the Plumbing, Pipefitting, Sprinkler Fitting 
Industry of the United States and Canada, 
was an organization of tradespeople. It is com- 
monly referred to as the United Association. 
The second organization, the Master Steam 
and Hot Water Fitters Association was a con- 
tractors group. It is now known as the 
Mechanical Contractors Association of 
| America (MCAA). 


prepare an accurate list of the materials and 
supplies required. Such a list, Figure 31-5, 
should indicate the quantity, size, and descrip- 
tion of each item. Do not forget to include caps 
and plugs needed to seal the piping for testing. 
Supplies such as solder, flux, plastic pipe adhe- 
sive, rags, and propane gas cylinders should be 
included, as well. Write this list neatly and 
carefully, so it can be used to order the mate- 
rials and supplies. 


MATERIAL AND SUPPLY LIST 


Quantity | Size 


Description 
phe Piper roe 
| Copper pipe- Type M 
| Lead free Solder 
| Faste Elux 
Pro pane cylinders 
Yox xh Copper Ts 
| a Copper 90° Ls 
Yyxitarh | Copper Ts 
| Yat FPT Adapters 


Figure 31-5. Typical material and supply list. 
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It will be very helpful to divide the list into 
materials required for the first-rough, second- 
rough, and finish stages of the job. You may 
also wish to divide the job further into work to 
be accomplished in a specific period of time or 
a particular order. For example, the DWV 
installation precedes the installation of water 
supply piping. Therefore, it will be necessary to 
have the DWV materials first. 

A second consideration is the number of 
people on the plumbing crew and their skill 
levels. If the crew is composed of one experi- 
enced plumber and an unskilled helper, then 
the sequence of installation will be dictated by 
the skilled individual. If two or more members 
of the crew have the ability to work independ- 
ently, however, a different work plan will be 
needed. It will be necessary to consider what 
portion of the installation each of these individ- 
uals can work on without interfering with the 
work of the other. For example, during the 
second-rough stage, one plumber might install 
the main stack while the other plumber is 
working on a second stack. Potentially, one 
helper could assist both of these plumbers. All 
three of them could work together for short 
periods of time when a task demands more help. 

Carefully estimating how much work can 
be accomplished by each individual and the 
materials and supplies necessary to carry out 
this work will make the job go more smoothly. 
It may be that adding one or more people to the 
crew will mean more can be accomplished in a 
given period. However, it also may mean that 
both DWV and water supply piping materials 
will have to be delivered at the same time. It is 
usually best if you have slightly more materials 
and supplies available than you estimate can 
be installed in one day. It often happens that 
unexpected conditions require extra or 
different fittings, or a change must be made 
that requires more pipe or a different shower 
base. It may be impractical to stop the job to 
drive several miles to obtain the one needed 
item. If extra materials and supplies are avail- 
able, work can continue on other parts of the 
job while the needed item is obtained. This can 
be done without stopping all work, and at the 
same time, will minimize the amount of mate- 
rial being stored at the site. 
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Identifying Special 
Tool and Equipment 
Requirements 


Plumbers generally have a basic kit of tools 
that they carry with them to all jobs. It is their 
responsibility to make sure that these tools are 
in good working order. The list of tools and 
equipment being considered at this point 
includes only those items not normally in the 
plumber’s toolbox. 

Once the material and supply lists have 
been prepared, it should be relatively easy to 
identify what tools and equipment will be 
needed. If the job is to install the building 
sewer, a backhoe is likely to be needed. It may 
be necessary to cut through pavement with a 
concrete saw or pneumatic hammer. Equip- 
ment for tapping the water and sewer main 
will be needed. These pieces of equipment may 
be rented, or an outside contractor may be 
hired to perform this part of the job. (In some 
cities, specially licensed contractors are the 
only individuals permitted to perform such 
work.) Hand excavating tools, wrenches for 
installing the curb stop, and possibly equip- 
ment to drill through the foundation wall, are 
examples of other items needed by the 
plumber. 

In addition to identifying and obtaining the 
necessary tools and equipment, you must 
make sure that the equipment is in good 
working order and that cutters or other parts 
that might wear out during normal use are 
available. Your list should include things such 
as blades, drill bits, and gas cylinders. It does 
little good, for example, to have a propane 
torch with an empty tank. 


Coordinating Work 
with Other Trades 


Construction projects require the skills of 
many people. For the work to be carried 
out effectively, different tradespeople must 
coordinate their activities. The most obvious 


need for coordination relates to scheduling the 
work of different trades. For example, the 
second-rough stage of plumbing cannot begin 
until the building frame has been erected. 
However, it may be necessary to place a one- 
piece shower enclosure in a bathroom before 
the last of the interior wall framing is erected, 
because of the size of the door opening. 
Plumbing also may require extra thick walls or 
plumbing chases that must be framed by the 
carpenters. Discussing these special require- 
ments with the carpenters will eliminate the 
need to redo work. It also will help eliminate 
delays that could be caused by the need to 
recall carpenters to the job site. 

Plumbing pipes and heating, ventilating, 
and air conditioning (HVAC) ducts can easily 
conflict with one another if the installation is 
not properly planned. Since DWV piping 
requires a constant slope, it must be given high 
priority. However, HVAC ducts also must be 
accommodated. For example, to reduce the 
resistance to airflow, the main ducts extending, 
from a hot air furnace should have few, if any, 
offsets. Agreeing in advance where these ducts 
will be placed will allow both trades to do their 
work with little interference. 

Another example of the need to cooperate 
with the HVAC installers is locating a floor 
drain near the furnace/air conditioner to 
collect the air conditioner condensation. If the 
two trades coordinate their work, this same 
floor drain may also serve the water heater. 


Working as a Team 


The advantages of having more than one 
person working on a job were described earlier. 
Many times, two or more people working 
together can accomplish more than the same 
number of people working separately. Hanging 
long horizontal runs of pipe or assembling a 
multistory stack are two examples. The keys to 
teamwork include: 


e Developing an environment that encour- 
ages teamwork. 


e Ensuring that everyone knows what is to 
be done. 


e Planning ahead to determine what needs to 
be done next and anticipating problems 
that may occur. 


e Rewarding people for achieving the desired 
performance. 


Employers need to establish an environ- 
ment that encourages teamwork by setting an 
example and by emphasizing the need for 
cooperation among the members of the work 
group. Critical factors in team development 
include telling employees what is expected, 
recognizing their efforts, and rewarding both 
new and more experienced employees for their 
willingness to be effective team members. 

Learning to be an effective team member 
begins with the desire to work cooperatively 
with others. Being alert and anticipating ways 
you can contribute to the successful completion 
of the job will increase your value as a team 
member; so will being willing to do your share 
of the work. 

Developing mutual respect and the ability 
to work effectively with another individual 
may take some time. Each person has some 
differences that others must learn to appreciate. 
However, if both parties have the desire to 
work together, they will generally be able to 
overcome any problems they may have person- 
ally. It is not absolutely necessary that people 
be friends to work well together. It is necessary 
that they have a common goal of successfully 
completing the job. Sometimes friendship can 
get in the way of productivity because too 
much time is spent talking or doing things that 
do not contribute to completion of the job. 

Decisions must be made regarding who 
will do what part of a job. With a two-person 
crew, the more skilled individual should take 
the lead and the helper should assist as needed. 
The role of the assistant can vary greatly. An 
alert and interested assistant will soon learn to 
anticipate what needs to be done next. She or 
he will want to learn how to do different parts 
of the job. Encouraging this means that more 
work can be accomplished, because better use 
is made of the assistant’s developing skills. 

Helping an assistant understand how he or 
she can contribute is central to the communica- 
tion between the two workers. Sometimes, the 
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assistant may not want to do a task that has 
been assigned. Tactfully explaining what needs 
to be done and how it can be done safely and 
efficiently should overcome most of these 
problems. In the end, it must be understood 
that the task is necessary to completing the job. 
Sometimes, the assistant may devise a better 
way to do the work than the more experienced 
plumber. Encouraging this kind of thinking is 
in the best interest of both individuals, because 
it will improve the performance of both. If the 
more experienced person will demonstrate his 
or her willingness to share some of the more 
difficult work, it is much less likely that resent- 
ment will develop on the part of the assistant. 

Learning to “work smarter” primarily 
involves thinking ahead. Making one trip to 
the truck to get several items is much more effi- 
cient than going to get each item separately. 
Preparing several joints for soldering before 
soldering any of them may save time because it 
reduces the number of times that different tools 
must be handled. Making a list of items that 
will be needed later and obtaining all of them 
in one trip to the shop or plumbing supply 
house saves time. Calling ahead to ensure that 
the items are available and having them held at 
the “will call” counter can reduce the time 
necessary to obtain materials. 

On larger projects, it may be helpful to 
think of the job graphically. Figure 31-6 shows 
a means of visualizing the work graphically. 
For this example, only the second-rough stage 
is included. Note that on day 1 and day 5, the 
crew consists of two experienced plumbers and 
one helper. For days 2 through 4, a six-person 
crew works on this job. The key to planning 
work this way is twofold. First, divide the total 
job into tasks that can be accomplished by 
small groups. Then, schedule the performance 
of the separate tasks to overlap where this can 
be done without interfering with progress. 

Planning the work of a crew is a combina- 
tion of art and science. While good information 
is available regarding how long it should take 
to do nearly any type of plumbing work, the 
numbers are averages. They do not adequately 
represent all the variables that may be involved 
in a particular job. Certainly, they are unable to 
take into account the personality variables that 
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| 


DAY 1 DAY 3  DAY4 DAY 5 
2 plumbers 4 plumbers 4 plumbers 4 plumbers 2 plumbers 
| 1 helper | 2 helpers 2 helpers 2 helpers 1 helper 
a + = oo 
| DWV south end 1st floor | 
DWV north end 1st floor | 
| Water supply south end 1st floor | 
| Water supply north end 1st floor | 
| DWV south end Rnd floor 
| DWV north end 2nd floor 


j | 
f ] 


J 
4 


| Water supply 2nd floor south 
Water supply 2nd floor north 


Figure 31-6. Making a graphic illustration like this one, showing how more complex jobs are to be organized, may 


assist in scheduling both people and materials. 


affect how well particular groups of individ- 
uals work together. 

Nearly any contractor could cite examples 
where adding a person to a crew greatly 
increased productivity. Likewise, they could 
report experiences where the addition of an 
individual to a crew has actually reduced 
productivity. While the number of people 
assigned to a job is an important variable in 
getting the work done, it is also necessary to 
know the individuals involved. Selecting crews 
so that all individuals can contribute is the art 
of job organization. Additional information 
about working effectively as a team member is 
provided in Chapter 32. 


History Brief 

The Occupational Safety and Health 
Administration (OSHA) was created in 1971. 
Since that time, workplace fatalities have been 
reduced by one-half and occupational injury 
and illness rates have declined 40 percent. 
During the same time, the number of employ- 
ees and the number of worksites covered by 
OSHA have doubled. 


Safety 


Job planning is never complete without 
adequate consideration of the safety aspects. 
There are many safety areas to be considered, 
including: 


Shoring for trenches. 

Barricades around open excavations. 
Ladders and scaffolds. 

Fire extinguishers. 

Electrical tools and extension cords. 
On-site storage of materials. 

Clean up. 


The manner in which plumbing tasks are 
performed. 


First, plan for safety by making sure that the 
correct tools and equipment are available to do 
the job. Be certain that all tools and equipment 
are in good working order. Use lifting devices 
and mechanical equipment to move heavy or 
bulky items. Store materials on the site in an 
orderly manner, out of the work area. Maintain 
a clean work area. Be prepared to respond to 
injuries if they should occur. This includes 
knowing how to contact the emergency squad 
and fire department. It also means having first 
aid supplies to take care of minor cuts and 
burns. Having a person on the site who has had 
first aid training is highly desirable. 

Slips and falls cause significant numbers 
of injuries. Use ladders and scaffolds only as 
they were intended. Be aware of potential elec- 
trical shock hazards and take precautions to 
avoid them. 

Adopt the habit of reviewing safety condi- 
tions constantly. Be observant, assist others in 
avoiding hazards, and perform your work ina 
manner that will be safe for you and the other 


people working with you. A single accident can 
ruin a career. Review Chapter 1 for additional 
safety information. 


Arranging for 
Deliveries and 
Inspections 


Scheduling deliveries and inspections is an 
important part of the job to avoid delays. 
Without necessary materials or the approval of 
the inspector, the job may come to a halt. 
Having materials and supplies delivered to the 
site saves valuable time—provided that the 
materials arrive when needed. You must antic- 
ipate when the materials will be needed and 
order them with sufficient lead time for 
delivery. To ensure prompt delivery, making a 
follow-up telephone call is a good practice. 

As work progresses, it is likely that you will 
need some materials, supplies, or tools that 
were not included in the original list. Keeping 
a special list of these items will help you 
remember to pick them up at the shop or 
supply company. Writing such information 
down is better than trusting memory. At the 
beginning of the workday, spend a few 
minutes thinking about the work ahead and 
double-checking that all materials, tools, and 
supplies are on hand. Those minutes will be 
repaid many times over in reduced stress and 
in time saved to complete the job. 
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Scheduling required inspections is critical 
to the plumbing process. You will need to 
know the local practice, including how much 
advance notice the inspectors must have so 
the inspection can be carried out in a timely 
manner. Be sure that the piping is pretested. 
This will avoid the problem of having to 
arrange for a second inspection. Generally, the 
plumber is expected to furnish all of the 
equipment necessary to perform the inspec- 
tion. This may include an air compressor and 
test plugs. 


Checking the Quality 
of the Work 


Checking the quality of the work is some- 
thing that should be an ongoing process. 
Producing high-quality work requires more 
than just passing inspections. For example, 
joints should be neat, pipe runs straight, pipe 
secured to the structure, fixtures properly 
aligned, and supply pipes neatly fitted to 
fixtures. The skill of an individual is measured 
by the quality of the work performed and the 
time it takes to accomplish the task. To be a 
skilled plumber, you must achieve both quality 
and a reasonable level of speed in performing 
your tasks. Initially, the emphasis should be 
placed on quality. Mastering the proper proce- 
dure will ensure quality work and provide the 
basis for developing speed. Simply doing 
things fast will seldom, if ever, result in the 
desired quality. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1. 


True or False? The first task involved in 
organizing a plumbing job is under- 
standing what is to be accomplished. 


. What important information for the plumber 


is likely to be found on the plot plan? 


. Name the stages in which plumbing is 


normally installed. 


. To obtain the size of the pipe and fittings 


required for a particular installation, the 
plumber would refer to the 

A. drawings 

B. specifications 

C. floor plan 

D. plumbing plans 


. To identify the type of fixtures that are 


required, the should be studied. 
A. drawings 

B. specifications 

C. floor plan 

D. plumbing plans 


. Why is it undesirable to store large quanti- 


ties of plumbing materials and supplies on 
the site? 


. Why would a plumber want to have some extra 


materials and supplies on hand at the job site? 


. Identify three pieces of equipment that 


might be required to install a building sewer. 


. Why is it desirable to coordinate plumbing 


with the work of other trades? 


. Describe three things you can do to demon- 


strate that you want to be a productive 
team member. 


. Give three examples of working smarter. 
. How does a plumber plan for safety? 
. How can the plumber save time when 


obtaining additional and/or 


materials? 


supplies 


Suggested Activities 


ile 


Assume that a toilet in your home is leaking 

and the kitchen sink needs to be replaced. 

A. Prepare a detailed list of the procedures 
for completing these repairs. 

B. Prepare a complete list of the materials and 
supplies necessary to complete the work. 

C. Identify the tools that will be involved 
in performing the repairs. 


| | 
i Noon ` 12:30 
12:30 | 2:30 


2. Obtain a set of plans and specifications for 


a single-family dwelling or a small com- 

mercial plumbing installation. 

A. Review the plans as outlined in this 
chapter and complete the information 
needed for the checklist shown in 
Figure 31-1. If necessary, refer to local 
plumbing code to size the pipe. 

B. After you have obtained an overview of 
the job, study the plans and specifica- 
tions in more detail and complete the 
information needed for the checklist 
shown in Figure 31-3. 

C. Complete the information needed for the 
checklist shown in Figure 31-4 for the 
finish phase of the plumbing installation. 


3. Assume that you and a helper are assigned 


to install the plumbing system that you 

studied in Activity 2. 

A. Prepare a detailed description of the 
procedure you will follow to complete the 
second-rough phase of the installation. 
Prepare a chart, similar to the following 
one, describing what you and your helper 
will be doing. Also, provide estimates of 
how long each task will require. 


fixtures 

Cut openings for 
fixtures 

Break 


Drill holes for 
stacks 

Break 

Help install main 
stack 

Lunch 


Help install tub and : 
shower 


Break 
Help install DWV 


Install main stack 


Lunch 

Install bathtub and 
shower base 
Break 

Install DWV 
branches 

List things needed | c 


Example given for first day only. 


B. Identify the safety precautions you would 
take to protect you and your helper. 

C. Describe how you would communicate 
with your helper to ensure that the job 
runs smoothly. 


Plumbing Career 
Opportunities 


Objectives 
This chapter describes several different career 


areas for plumbers and the formal training 
provided through apprenticeship. 


After studying this chapter, you will be able to: 

e Identify five major areas that are sources of 
plumbing jobs. 

e Explain the differences between the three 
levels of the plumbing apprenticeship 
program. 

e List qualifications for success in the plumb- 
ing trades. 

e List the basic educational requirements for 
entry into a plumbing apprenticeship. 

e Describe the important characteristics of 
desirable employees. 

e Describe the process of getting and keeping 
a job. 

e Explain the process of starting a small 
business. 


Technical Terms 


Apprentice Supervisors 
plumbers Superintendents 

Journeymen Estimators 
plumbers Plumbing 

Master plumbers contractors 


Plumbing supply Interpersonal skills 
dealers Teamwork 
State plumbing Networking 
contractor’s Internet 
certificate Occupational Safety 
Basic skills and Health Act 
Thinking skills (OSHA) 
Personal qualities SCORE (Service 
Responsibility Committee of 
Self-esteem Retired 
Sociability Executives) 
Self-management Small Business 
Integrity Administration 


Plumbers contribute substantially to the 
general health and well-being of people. 
Without adequate provisions for fresh drinking 
water and the sanitary removal of waste, 
waterborne disease would surely cause much 
illness, suffering, and death. Due to the direct 
relationship between public health and the 
quality of plumbing systems, laws have been 
enacted requiring the work of plumbers to be 
licensed and regulated by building codes. 


Who Employs 
Plumbers? 


A plumber or someone with knowledge of 
plumbing materials and skills generally finds 
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employment in one of five different areas. 
These areas are presented in Figure 32-1. 
During the course of a plumber’s career, he 
or she may change jobs several times and may 
move from one area into another. For example, 
a master plumber who has been working for a 
business that installs plumbing systems may 
take a job as an inspector. In this new position, 
the plumber, acting for the city, sees that new 
plumbing installations meet code require- 
ments. The master plumber may also move on 
to become a contractor or start a business 
selling plumbing materials. Regardless of the 


N 
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area of employment, those who are successful 
have considerable knowledge of plumbing 
practices, tools, materials, and supplies. 


Plumbing Enterprises 


Plumbing enterprises are the plumbing 
businesses that serve the needs of the commu- 
nity. They offer the greatest opportunity for the 
plumber and offer an entry point for most 
beginners. 

The size of these companies varies greatly. 
Some are one-person operations, working out 


y 


n 


Figure 32-1. People in the plumbing trades (represented by the inner circle) also find employment in related 


fields. 


of a small storefront. Others employ many 
apprentices and journeymen who are super- 
vised by master plumbers. 

The services in which they specialize vary. 
Some provide plumbing installation and repair, 
such as the company pictured in Figure 32-2. 
They may concentrate on residential plumbing 
systems or contract for large systems, like those 
installed in commercial buildings or multi- 
family dwellings. Some may specialize in the 
installation and maintenance of piping systems 
for government agencies and public utilities. 
Still others may work only on plumbing for 
ships and aircraft. It is not uncommon for 
plumbers or plumbing firms to concentrate on 
maintenance work in industrial and commer- 
cial buildings. Another important area of 
plumbing specialization is supplying the 
piping, fittings, fixtures, and general supplies 
that plumbers and homeowners need. See 
Figure 32-3. 

Retailers who sell to the general public or to 
the do-it-yourself market make up another 
type of plumbing enterprise. Some of these 
businesses sell only plumbing materials, while 
others may sell hardware, housewares, appli- 
ances, and automotive parts and accessories. In 
any case, those who deal with customers must 
either be plumbers or have considerable 
knowledge of plumbing. They wait on 
customers, cut and thread pipe, advise on 
plumbing procedures or materials, maintain 
inventory, and order new stock. 


Figure 32-2. Plumbing businesses may employ one or 
more licensed plumbers and may specialize in 
installing and servicing whole systems. 
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Figure 32-3. Plumbing supply dealers must stock a 
large variety of plumbing pipe, fittings, and fixtures to 
meet the immediate needs of plumbers. 


Government Agencies 


Nearly every level of government employs 
experienced plumbers to enforce the plumbing 
code and other laws regulating the installation 
of plumbing systems, Figure 32-4. These 
plumbers are responsible for: 


e Licensing of plumbers wanting to enter the 
trade. 


e Reviewing the plumbing drawings in archi- 
tectural plans. 


hp) 


. 1 $ ’ P i " 
a. eae 
s E ere | E ar 4 wil wae 
ons oie oa ‘ ed ` + ` 
à . 4 3 m Š e 


5 EN 


Figure 32-4. Government-employed plumbing experts 
are often required to study plans for new housing 
developments. They must also inspect and approve 
the plumbing installations in each building. 
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e Issuing plumbing permits for both new 
construction and alterations to older 
plumbing systems. 


e Inspecting plumbing installations. 


Many experienced plumbers are employed 
by the water and sanitation departments of 
cities and villages. They can become superin- 
tendents and supervisors who oversee the 
installation of water mains, sewers, and water 
supply service. 


The first record of a law establishing a 


plumbing apprenticeship dates to 17th 


Century England. 


Plumbing Education 


Plumbing educators generally are master 
plumbers with several years of experience. In 
addition to their knowledge of the craft, many 
are required to have management and admin- 
istration experience. Their job is to: 

e Design training programs for beginning 
plumbers or for experienced plumbers who 
need to stay current with trade topics. 


e Provide classroom or shop instruction, 
Figure 32-5. 


e Coordinate classroom instruction with the 
apprentice work experience. 


In larger cities, a joint apprenticeship 
committee directs the educational program for 
plumbers. The functions of this committee 
include selecting apprentices, conducting 
training programs, and evaluating the 
performance of apprentices. 

Apprentice coordinators supervise on- 
the-job experiences of the apprentices. See 
Figure 32-6. In addition, they arrange 
for related class work, where apprentices 
learn plumbing design, code requirements, 
plumbing math, and many other types of 
technical information directly related to 
plumbing. 


Figure 32-5. Instructing apprentices and journeymen 
on plumbing tasks is challenging and interesting work. 
Instructors must have effective communication skills 
and be able to work with various types of people. 


Plumbing Organizations 


Organizations at local, state, and national 
levels have been established to assist plumbers 
and plumbing contractors. Plumbing unions 
provide benefits to the plumber and are the 
source of employees for union contractors. 
Plumbing contractor associations assist 
contractors with the problems of operating 
their business. Many of the people who work 
for these organizations must be qualified 
plumbers, due to the thorough understanding 
of the plumbing field that is required. 


Advancing in the 
Plumbing Trades 
Some people have learned plumbing by 


working several years as helpers to experi- 
enced plumbers. However, those responsible 


Figure 32-6. Apprentice coordinators often supervise 
the work of the apprentices. 


for training plumbers generally recommend a 
formal apprenticeship. An outline of this 
program is presented in the Useful Infor- 
mation section of this text. After successfully 
completing the apprenticeship, the apprentice 
plumber becomes a journeyman and eventu- 
ally may become a master plumber (licensed in 
some jurisdictions). 

Beyond these formal steps, a plumber can 
move on to other positions of responsibility, 
such as supervisor, superintendent, contractor, 
and estimator. These jobs typically require 
additional training and on-the-job experience. 
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Apprentice plumbers: Stage lasting generally five 
years for people who are learning the plumbing craft. 
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Apprentices 


Apprentice plumbers are those learning the 
plumbing craft. The period of apprenticeship is 
generally five years. Part of the training 
involves some practical experience, Figure 32-7. 
The apprentice must take 144 hours of class- 
room instruction per year, in addition to 
working on the job under direction of a jour- 
neyman plumber. In the classes, the apprentice 
learns to interpret plumbing code and masters 
other technical information related to the craft. 
At the conclusion of the apprenticeship, a test 
is administered. The apprentice may be 
licensed as a journeyman upon successful 
completion of the test. 


—_ 
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Figure 32-7. Apprentice plumbers learn how to install 
heating and air conditioning equipment in their 
apprenticeship classes. Apprentice plumbers work 
part of the time on-the-job, performing normal plumb- 
ing tasks. 
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Journeymen 


Journeymen plumbers are full-fledged 
trades people who are licensed to practice their 
craft. Due to their training and experience, 
journeymen plumbers are able to do all types 
of plumbing work without the continuous 
supervision given apprentices. 


Master Plumbers 


Master plumbers are qualified, by experi- 
ence and knowledge, to be plumbing contrac- 
tors. They are generally required to work as 
journeymen for five years before taking the 
examination for a master’s license. 


Supervisors and 
Superintendents 


Larger plumbing installations require 
supervisors and superintendents to oversee the 
work of crews that are made up of apprentices 
and journeymen. Supervisors are responsible 
for directing the work of a smaller group 
of workers. Superintendents oversee large 
plumbing jobs and generally have several 
supervisors working under their direction. 


Estimators 


Estimators work for plumbing contractors. 
They carefully evaluate the materials and labor 
required to complete plumbing installations. 
Based on these estimates, the contractor 
submits bids for jobs. Estimating requires a 
complete understanding of both plumbing 
installation and the materials and supplies 
required. Only experienced plumbers who 
possess mathematical skill and the patience to 
prepare detailed, accurate estimates are 
employed to do this important work. Errors in 
estimates can result in financial losses to the 
contractor. Therefore, this is a highly respon- 
sible position. 


Contractors 


Plumbing contractors are master plumbers 
who have established a plumbing contracting 
business. Generally, they hire apprentices, jour- 
neymen, and other master plumbers to work 
for them. Depending on the size of the 
plumbing business, a contractor may work on- 
site with the crew or may manage the business 
full-time. In either case, the responsibilities of 
business management are carried out by the 
plumbing contractor. 

In small cities and rural communities the 
established categories of plumbing trades- 
people are frequently less clearly defined. 
However, the functions of each are carried out 
by those employed in the plumbing business. 
Sometimes one person is responsible for all the 
plumbing work tasks, including managing the 
business, preparing estimates, obtaining 
supplies, and installing the plumbing system. 


Plumbing Supply Dealers 


Plumbing supply dealers must have a thor- 
ough knowledge of the materials and supplies 
available, proper installation procedures, and 
the available alternatives. As dealers, it is 
necessary to keep up with new developments 


Journeymen plumbers: Full-fledged trades people 
who are licensed to practice their craft. 


Master plumbers: People who are qualified, by expe- 
rience and knowledge, to be plumbing contractors. 


Supervisors: People responsible for directing the work 
of a smaller group of workers. 


Superintendents: Employees who oversee large 
plumbing jobs and generally have several supervisors 
working under their direction. 

Estimators: Employees of plumbing contractors who 
carefully evaluate the materials and labor required to 
complete plumbing installations. 


Plumbing contractors: Master plumbers who have 
established a plumbing contracting business. 


Plumbing supply dealers: People who sell plumbing 
materials and supplies. Dealers often provide infor- 
mation to plumbers about new products. 


in plumbing materials, supplies, tools, and 
equipment. New products are frequently intro- 
duced to the plumbing craft through supply 
dealers. The most important function of the 
plumbing supply dealer is to deliver needed 
materials to the job site at the time they are 
needed. The combination of plumbing knowl- 
edge and business management skills gives the 
plumbing supply dealer a chance to make a 
significant contribution to the plumbing 
industry. 


Specialization 


Many plumbing companies do all types of 
plumbing, such as installing new work, remod- 
eling, maintenance, and repair of residential 
structures, as well as commercial and indus- 
trial buildings. Other companies specialize in 
only one or two areas. For example, some 
companies do nothing but plumbing mainte- 
nance and repair. Some may concentrate in a 
specific area, such as the worker in Figure 32-8 
who is employed by a company that installs fire 
suppression sprinkler systems. Well drilling is 
another type of specialization that is open to 
those with plumbing experience. 


Qualifications 


A plumber’s work is sometimes strenuous 
and always active. Because of this, anyone 
wishing to become a plumber should be in 
good health. Plumbers spend most of their 
time indoors, working on partially completed 
buildings that offer some protection from the 
weather. Plumbers must be able to work on 
ladders, scaffolds, and in trenches. 

It is important for plumbers to plan their 
work and be able to understand detailed 
instructions. One of the most important skills 
that a plumber must acquire is the ability to 
visualize completed piping systems before 
beginning work on them. Plumbers must enjoy 
working with their hands and be able to solve 
math problems accurately and rapidly. 
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Figure 32-8. This person works for a company that 
specializes in sprinkler installations. 


Education and 
Training 


Those wishing to become a plumbing 
apprentice should be high school graduates. 
While in high school, the future plumber 
should master math fundamentals, including 
algebra. Courses in general science, physics, 
mechanical drawing, and welding make 
mastery of the trade easier. 

Apprentices are paid at a lower rate than 
the journeyman wage scale. However, their 
pay increases periodically as they gain experi- 
ence. Near the end of the apprenticeship 
period, the pay scale for apprentices is nearly 
equal to journeymen. 


Licensing and 
Certification 


One of the responsibilities of government is 
to protect the public welfare. Regulation of the 
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design, installation, maintenance, and repair of 
plumbing systems is one of the ways that 
governments carry out this responsibility. In 
addition to adopting and enforcing a plumbing 
code, the local government licenses people to 
work on these systems. The licensing process 
ensures that the people responsible for the 
design, installation, maintenance, and repair of 
plumbing systems are qualified and have thor- 
ough knowledge of the plumbing code. 


Licensing 


It is the responsibility of each local govern- 
ment to control building safety within its 
geographical area. Therefore, in metropolitan 
areas, a plumber must obtain a license in the 
major city plus each of the suburban areas in 
which they wish to work. In rural areas, the 
responsibility of licensing plumbers is a func- 
tion of state and/or county government. 

The three common types of plumbing 
licenses are: 


e Journeyman plumber’s license—The jour- 
neyman plumber’s license permits the 
holder to work as a plumber. Journeymen 
plumbers are employed by master 
plumbers, who retain responsibility for the 
overall quality of their work. 


e Master plumber’s license—A master 
plumber’s or plumbing contractor’s license 
permits the holder to operate businesses 
engaged in plumbing design, installation, 
maintenance, and repair. They can employ 
journeymen plumbers to perform the work. 
Only master plumbers are eligible to obtain 
plumbing permits. 

e Sewer-tapping license—A sewer-tapping 
license permits the holder to cut into sewer 
mains to install new building sewers. 


Requirements for obtaining each of the 
three types of licenses may vary because of 
differences in local and state laws. However, 
the requirements outlined in Figure 32-9 are 
common. The license applicant must submit 
the appropriate application form along with a 
filing fee. The filing fee helps defray the cost of 


essful completion of the 

licensing examination 

Surety bond to protect 
customers from malpractice 

Liability insurance to 
compensate anyone who ; 
might be injured as a result of | 
actions of employees of the 
company 

Worker compensati 


onip program 
which includes full-time work 
on the job plus regular 
classroom instruction 
Successful completion of the 


licensed sewer tapper 

or 

2 years experience working on 
sewer systems 


Figure 32-9. The typical requirements for obtaining 
each plumbing license. 


operating the licensing board. The application 
form is likely to require a detailed work record 
be provided, indicating all plumbing jobs the 
applicant has held, the length of time on each 
job, the type of work performed, and the 
employer’s name. A description of the appli- 
cant’s educational background is also 
requested. 

Licensing plumbing contractors locally can 
cause some problems, because multiple 
licenses must be maintained to perform work 
in more than one municipality. It also means 
that licensing examinations must be conducted 
by each local government unit. Recent efforts in 
some states have led to the institution of 
statewide certificates. 


Certification 


To obtain a state plumbing contractor’s 
certificate, the applicant must meet require- 
ments similar to those identified for the local 
plumbing contractor’s license. A state exam- 
ining board administers the test and issues a 
certificate verifying the competence of the 
contractor. In some states, this certificate is also 
a license to conduct a plumbing contracting 
business statewide. In other states, holders of 
the state certificate must submit their state 
license to the local building regulation office to 
obtain a local license. Applicants can contact 
their local building regulation department to 
determine if there is a state certification 
program in their state. 


Employment 


A growing number of qualified plumbers 
are required to meet the continual need to 
build new homes, offices, schools, and indus- 
trial buildings and an ever-increasing demand 
for repair and maintenance of existing 
plumbing systems. The opportunities for 
advancement to positions in management, 
trade associations, government, and education 
offer additional incentives for people who 
possess the required skills. 


A union plumber’s wages in 1892 were 
reported to be 44 cents per hour. 


eÁ ea 
State plumbing contractor's certificate: Certificate 
obtained by meeting requirements similar to those 
identified for the local plumbing contractor’s license. 


Basic skills: Reading, writing, mathematics, listening, 
and speaking skills, which are essential for success in 
the workplace. 
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Characteristics of 
Desirable Employees 


Many attempts have been made to describe 
the characteristics of desirable employees. In 
general, the characteristics identified are 
similar. The information produced by a 1991 
study by the U.S. Department of Labor 
includes the characteristics appropriate for 
meeting the demands of new trends in business 
and industry. The study identified a three-part 
foundation and five competencies necessary 
for successful employment. 

The three-part foundation of basic skills, 
thinking skills, and personal qualities can be 
considered fundamental to the education of all 
people. The degree to which this foundation is 
developed and strengthened varies for each 
individual. The development of these skills does 
not stop at the end of formal schooling. A 
plumber should continue to improve these skills 
throughout his/her life. Each of these skills is 
briefly discussed in the sections that follow. 


Basic Skills 


There are five basic skills essential for 
success in the workplace. These basic skills 
include reading, writing, mathematics, 
listening, and speaking. 

An employee is expected to read well 
enough to locate, understand, and interpret 
written information. On-the-job reading may 
include following written directions, using the 
local plumbing code, and using instruction 
sheets and manuals to install and repair 
plumbing fixtures. 

As a plumber, the first writing task is likely 
to be the completion of an application form and 
other documents necessary to finalize employ- 
ment. On the job, writing is necessary to prepare 
lists of materials and supplies to be obtained; 
prepare notes to the supervisor, the customer, 
the inspector, and other trades people; and 
prepare a time card reporting what was accom- 
plished during the course of each day. 
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Mathematics is a basic skill that plumbers 
use frequently. Measurement is the most 
frequently used mathematics-related skill that 
you must master. See Figure 32-10. Converting 
measurements given in feet to inches, or inches 
to feet, is critical. In addition to making mea- 
surements, the ability to add, subtract, 
multiply, and divide is essential not only when 
calculating dimensions, but also in the course 
of other job-related tasks. Understanding how 
to make calculations using decimals and 
percentages is also essential to success. 

Much of the communication from a super- 
visor, other workers, clients, and inspectors is 
expressed orally. It is important, therefore, that 
a plumber be an attentive listener. Listening 
skills include receiving, attending to, inter- 
preting, and responding to verbal messages 
and other cues. Receiving and attending to oral 
communication requires the ability to hear 
what is being said and to focus undivided 


a he Ty 
Figure 32-10. The plumber must take accurate mea- 
surements when installing piping. 


attention to the speaker. Interpreting the 
message is essentially translating it into one’s 
own terms. To better understand the message, 
good listeners also consider other clues given 
by the speaker. These include the tone and rate 
of speaking, the degree of emphasis given to 
key words, facial expressions, gestures, and 
other body language. The tone of voice may 
suggest anger, urgency, concern, importance, 
and other emotions that provide clues about 
what is being said. 

Responding to verbal messages is an 
important responsibility of the listener. Simple 
acts, such as nodding your head in agreement 
or saying “yes,” tell the speaker that what is 
being said is understood. You should summa- 
rize your interpretation of the message in your 
own words to confirm that the information is 
what the speaker intended. If you are uncer- 
tain about particular points, politely ask for 
clarification. 

When the message is long, complex, 
and/or includes many details, take notes to be 
referred to later. This greatly reduces the 
chance of forgetting particular details. Sketches 
with neatly written notes made directly on the 
framing of the building are often an effective 
way of recording messages. 

Speaking effectively includes organizing 
ideas and communicating them orally. 
Organizing thoughts in a logical sequence, 
using appropriate technical terms, using correct 
grammar, being concise, and speaking clearly 
are all fundamental to effective speaking. Avoid 
using foul language, sexist statements, and prej- 
udicial or inflammatory terms. 


Thinking Skills 


Thinking skills allow plumbers to apply 
what they know to work situations. The 
six thinking skills identified in the Labor 
Department’s report are reasoning, decision 


Thinking skills: The six skills identified by the Labor 
Department’s report, including reasoning decision 
making, visualization, problem solving, creative 
thinking, and knowing how to learn. 


making, visualization, problem solving, crea- 
tive thinking, and knowing how to learn. 

Reasoning involves understanding princi- 
ples or rules regarding relationships and being 
able to apply them to new situations. Nearly all 
the regulations in a plumbing code are based 
on principles. Understanding these principles 
enables a plumber to apply the code to nearly 
any situation they encounter on the job. For 
example, understanding the principle of flow 
reduction in a piping system due to friction 
loss enables you to choose the most effective 
pipe assembly. 

Decision making includes the ability to 
identify alternatives for performing work and 
to select the most appropriate techniques. 
Decisions must be made within the limitations 
of the situation. A plumber makes many deci- 
sions each day, including the sequence in 
which to complete a job, what tools to use, how 
to discuss a problem with the supervisor, what 
materials and supplies to order, and what to do 
while waiting for the inspector. 

Visualizing how something will look when 
finished or which pipe and fittings are required 
to make a particular installation before starting 
work is a valuable skill. This mental picture 
tells plumbers how the pipe fits into and 
around the structural frame of the building. It 
allows them to identify the number and type of 
fittings required to make the installation. 
Further, it allows them to estimate the length of 
each piece of pipe needed. To be successful as a 
plumber, visualization skills need to be devel- 
oped to the extent that architectural drawings 
can be read and the plumbing installation can 
be visualized. 

Problem solving begins with the ability to 
correctly identify problems. Once the problem 
is accurately identified, alternative solutions 
should be considered before selecting and 


Personal qualities: Five qualities identified by the 
Labor Department’s report, including responsibility, 
self-esteem, sociability, self-management, and 
integrity. 

Responsibility: A personal quality that is demon- 
strated by such actions as arriving to work on time 
and putting in the best effort to accomplish tasks. 
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implementing an appropriate solution. 
Plumbers are continually solving a variety of 
problems. Plumbers who perform maintenance 
and repair work must be able to analyze a situ- 
ation and, through a process of elimination, 
determine the source of the problem. Plumbers 
involved in the installation of new plumbing 
systems must determine the best way to install 
DWV and water piping to ensure that it func- 
tions properly and avoid interference with the 
work of other trades. 

Creative thinking involves generating new 
ideas. Creative thinking is not limited to gener- 
ating unique ideas that no one else has consid- 
ered. Creativity may be exhibited by discov- 
ering techniques that are new to a plumber and 
applying them to the work at hand. Plumbers 
may also have creative ideas about the design 
of plumbing fixtures, fittings, valves, and other 
items used in their work. Implementing these 
ideas requires considerable work. Standards 
and plumbing code regulations must be met, or 
possibly modified, before the new idea can be 
implemented. 

Knowing how to learn is an important 
thinking skill. Tools, materials, regulations, 
techniques, and management procedures are 
continually being developed. To be successful, 
a plumber must accept that learning is a life- 
long process. Plumbers can learn by reading, 
attending classes, watching and talking with 
other people, and by trying new things 
themselves. 


Personal Qualities 


Personal qualities are what make it 
possible for us to relate effectively with other 
people. The Labor Department study identified 
responsibility, self-esteem, sociability, self- 
management, and integrity as the five personal 
qualities essential for successful employment. 
In fact, these qualities are considered so impor- 
tant that their absence would automatically 
disqualify any job applicant for many jobs. 


Responsibility 
Responsibility is a personal quality that 
takes many forms. First, being a responsible 
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employee means arriving on time and giving 
your best effort to accomplish the work 
assigned. Accepting responsibility for actions is 
important to success. Even when giving your 
best effort, you will occasionally make a 
mistake. Admit your mistakes to your super- 
visor, do whatever is necessary to correct the 
error, and try not to make the same mistake 
again. Attempting to hide mistakes or blame 
them on another person, the equipment, or 
tools only demonstrates an unwillingness to 
accept responsibility. 

Responsibility also includes responsibility 
for others. One of the most important areas of 
responsibility for others relates to safety. It is a 
plumber’s responsibility to avoid doing 
anything that might cause an injury to 
someone else. Responsible plumbers properly 
carry ladders and long pipes; pick up pipe, 
fittings, tools, or debris so that it does not 
cause someone to slip or fall. Avoid speech or 
behavior that may be offensive to fellow 
workers and help others when they need 
a hand. 


Self-Esteem 

Having a “can do” attitude is evidence of 
high self-esteem. Plumbers who have confi- 
dence in their ability to do a job work in an effi- 
cient and effective manner. Plumbers who have 
both confidence and technical skill make the 
job look easy. Self-esteem is developed through 
successful performance. Doing the best job and 
learning from mistakes help plumbers build 
confidence in their abilities. 


Sociability 

Sociability has to do with a plumber’s 
ability to get along with diverse groups of 
people. Politeness, empathy, adaptability, 
friendliness, and understanding are all key 
concepts related to sociability. Politeness is 
particularly important when interacting with 
customers, supervisors, and inspectors. Com- 
mon courtesies, such as saying “please” and 
“thank-you” and using a pleasant tone of 
voice, go a long way in getting a relationship 
off to a good start. Empathy means attempting 
to appreciate the other person's point of view. 


Learning to compromise and to accept what 
cannot be changed are often excellent courses 
of action. If the difference of opinion is unre- 
lated to work, it is best to agree to disagree and 
drop the subject. Arguments about politics, 
religion, and philosophy fit in this category. If 
the discussion is about the proper installation 
of the plumbing system, the supervisor or the 
inspector may need to decide how to proceed. 
If there is debate about techniques for doing a 
task, it may be best to try the suggested alterna- 
tive method and see if it works before the idea 
is dismissed as unworkable. This is a clear indi- 
cation of adaptability. 

Being friendly with people demonstrates 
respect and contributes to a positive work envi- 
ronment. The simple acts of speaking to people 
or wishing them well at the end of a job are 
examples of being friendly. Making new 
employees feel welcome and interacting with 
other tradespeople in a friendly manner are 
other examples of behavior that is expected on 
the job. 


Self-Management 

Self-management relates to a plumber’s 
pursuit of personal goals, as well as their self- 
control. Self-management includes setting 
personal goals. A short-term goal may be as 
simple as estimating how much work should 
be completed before noon. Long-term personal 
goals may include career goals, such as 
obtaining a plumber’s license or establishing a 
plumbing business. While setting goals is 
important, alone, it is insufficient. Self-manage- 
ment also includes monitoring progress 
toward the established goals and altering 
performance as needed to ensure success. 


Self-esteem: A confident attitude that is a necessary 
personal quality for success in the workplace. 


Sociability: The ability to get along with diverse 
groups of people. 


Self-management: Setting personal goals, monitoring 
progress toward the established goals, and altering 
performance as needed to ensure success. 


Second, and possibly most important, self- 
management involves exercising self-control or 
self-discipline. A few examples to this end are: 


e Arranging schedules to ensure prompt 
arrival at the job site. 


e Managing time when off the job to get the 
rest and nutrition needed to perform effec- 
tively when on the job. 


e Refraining from using drugs or alcohol, 
especially when job performance may be 
impacted. 


e Controlling anger so that it does not 
become disruptive at work. 


e Having the self-discipline to complete a job, 
even if it is boring and tedious. 


Integrity 

Integrity may be the most important 
personal quality because it is fundamental to 
the other qualities. Having integrity and 
honesty means behaving in accordance with 
accepted principles of what is right and wrong. 
Being honest, truthful, trustworthy, reliable, 
and dependable are all a part of integrity. 
Integrity also implies that a plumber’s actions 
are based on sound reasoning and that being 
thorough is a hallmark of the plumber’s work. 


Five Competencies for 
Employment 


Beyond the three-part foundation, the 
Department of Labor found that people 
seeking employment must possess five general 
competencies. The Department of Labor report 
indicates that competent workers demonstrate 
skill in managing or using resources, interper- 
sonal skills, information, systems, and tech- 
nology. Superior employees possess these 
competencies and continually apply them to 
their work. 


Integrity: The quality of behaving in accordance with 
accepted principles of what is right and wrong. 
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Resources 


Among the resources a competent plumber 
must effectively manage are time, equipment, 
tools, materials, and supplies. All these are 
important parts in becoming an efficient 
plumber. 

Managing time means doing the job effi- 
ciently. An employer (or customer) is buying 
an employee’s time. The more work performed 
per unit of time, the more valuable that time 
becomes. A plumber should attempt to elimi- 
nate wasted time and the need to redo work. 
Improving your ability to diagnose problems, 
selecting the most efficient method of doing the 
work, and improving a skill related to task 
performance all contribute to improving the 
use of time. 

When the primary job assignment cannot 
be worked on, look for things to do that help to 
improve the efficiency of performing future 
work. For example, while waiting for an 
inspector, begin the clean up process. If a 
delivery is late, prepare tools, check the layout, 
work on another part of the job where the 
needed materials are handy, straighten or reor- 
ganize the materials stored on the site, repair or 
maintain tools and/or equipment, or reor- 
ganize the tools in your truck. Any of these 
activities has the potential to improve the 
overall efficiency with which the job is 
completed and, therefore, improve time usage. 

Materials and supplies are resources that a 
plumber is expected to use effectively. 
Materials are the items that become a part of 
the plumbing system, such as pipe, fittings, 
fixtures, valves, and faucets. Supplies are items 
that are consumed in the process of installing 
materials. Supplies include solder, flux, adhe- 
sive, abrasive paper, propane, acid swabs, rags, 
and pipe dope. Waste occurs when materials 
are damaged and cannot be used. Examples of 
effectively using materials include: 

e Cutting pipe to produce the fewest possible 
short pieces of scrap. 

e Making pipe assemblies with the least 
number of fittings. This not only reduces 
cost, but it also reduces friction loss. 


548 Section 5 Career Development and Plumbing History 


Ideally, a plumber would have the exact 
amount of all materials and supplies needed at 
the exact time they are needed. Since it is 
nearly impossible to exactly anticipate these 
needs, it is generally a good idea to have a 
surplus of inexpensive items on hand. The best 
practice is to plan carefully and add a limited 
number of extra items that are most likely to be 
needed. The amount of extra materials and 
supplies obtained should be directly related to 
their cost, the cost of getting more of the item, 
and the cost of returning unused items. 


Interpersonal Skills 


Interpersonal skills include a number of 
abilities: 
e Working as a member of a team. 
e Teaching others new skills. 
e Serving clients/customers. 
e Negotiating to resolve problems. 


e Working effectively with both men and 
women from diverse backgrounds. 


Teamwork 

The ability to work effectively as part of a 
team is one of the most important skills 
a plumber can possess. See Figure 32-11. 
Teamwork functions at two levels for a 
plumber. First, being able to work with other 
plumbers, a supervisor, and helpers who are a 
part of the work crew is critical. Secondly, 
plumbers are part of a larger “team” that is 
responsible for constructing or remodeling a 
structure. Being able to coordinate work 
among the various tradespeople and working 
cooperatively reduces tensions and increases 
productivity. Those who cannot be effective 
team members are often dismissed, or they 
may find their opportunities for promotion are 
limited. 


Information 

Superior plumbers are able to obtain and 
evaluate needed information, organize and 
maintain information, communicate appro- 
priate information, and possibly use computers 
to process the information. When a supervisor 


Figure 32-11. Plumber must often work as part of a 
team. These plumbers are working together to install a 
shower base. 


assigns work, take time to consider the well- 
known reporters’ questions: 


e Who? 

e What? 
e When? 
e Where? 
e Why? 

e How? 


Interpersonal skills: The ability to work as a member 
of a team, teach others new skills, serve customers, 
and problem solve. 


Teamwork: Being able to coordinate work with 
others cooperatively to reduce tensions and increase 
productivity. 


Address any questions with the supervisor 
in a timely manner. This will help a plumber 
understand what is expected and what is to be 
accomplished. 

Using these six questions helps a plumber 
obtain and evaluate the information needed to 
successfully complete the work. When the 
discussion of the job assignment is complete, a 
plumber must either have the answers to all the 
questions that apply to the job or know where 
to find the answers. 


Systems 

The fourth set of competencies identified by 
the Department of Labor study relates to 
complex systems. First, a plumber should 
understand how social, organizational, and 
technological systems work and how to 
operate effectively with them. In many ways, 
this is an extension of the individual skills and 
competencies identified earlier. This set of 
competencies focuses on the interrelationship 
of the systems’ components. 

From the plumber’s point of view, the 
primary social system is the work group. 
Understanding the role of each individual in 
the group and how relationships among 
members of the group can be facilitated 
improves the working environment. 

The most important organizational system 
is the company’s organization. What are the 
responsibilities of each individual? Who is 
responsible for what decisions? What proce- 
dures are employed? Once a plumber under- 
stands these relationships, he/she is better able 
to complete the work. 

Clearly, a plumber must understand how 
plumbing systems function. In addition, a 
plumber may use a number of other technolog- 
ical systems in performing their work. The 
electrical system provides power. The tele- 
phone system provides communication. 
Computer systems perform accounting tasks. 
A plumber needs to have at least a basic under- 
standing of each of these systems in order to 
use them effectively. 

Creative employees find ways to improve 
the systems they work with. These improve- 
ments may seem like minor details, but if they 
improve the performance of the system, 
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improve the quality of the product, or make the 
work less difficult, the benefits are long lasting. 


Technology 

The ability to work with a variety of tech- 
nologies is essential to the success of a plumber. 
Doing this effectively means that a plumber 
must be able to select the most appropriate 
technology, set up and operate the tools and 
equipment efficiently and safely, and maintain 
and troubleshoot these devices. 

Effectively using tools and equipment 
begins with selecting the appropriate tool for a 
given task. See Figure 32-12. Selecting tools 
that safely and efficiently perform the required 
work is essential. Selecting tools that minimize 
time required to complete the task improves a 
plumber’s use of resources. 


Figure 32-12. This plumber is using a jackhammer to 
remove concrete in preparation for a new drain. This is 
much faster than using a hammer and chisel. 
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Much of this book is concerned with setting 
up and operating plumbing tools and equip- 
ment efficiently and safely. These skills are 
learned from reading, carefully observing the 
performance of skilled plumbers, and, most 
importantly, from practice. To improve per- 
formance, it is essential that the way the task is 
done be changed and that the change be prac- 
ticed. Please note that practice alone does not 
improve performance. In addition to the need 
to improve or refine existing skills is the contin- 
uing need to develop new skills. These are new 
skills that either broaden the type of plumbing 
tasks a plumber is able to perform, or ones that 
enable the plumber to effectively use new tools, 
equipment, materials, and supplies as they 
come on the market. 

Competencies with resources, interpersonal 
skills, information, systems, and technology 
are all hallmarks of superior employees. 
Continuing to develop and apply these compe- 
tencies to one’s work is essential to high 
productivity. 


History Brief 


The American Society of Sanitary 
Engineers was founded in 1906. Founding the 
group resulted from a meeting of 25 plumbing 
inspectors, organized by the chief plumbing 
inspector for the District of Columbia, Henry B. 
Davis. 


Getting the First 
Plumbing Job 


The first plumbing job is likely to be as a 
plumber’s helper or apprentice. Some compa- 
nies hire helpers with no previous field experi- 
ence to assist journeymen plumbers. Helpers 
do a variety of noncritical tasks, such as getting 
materials, tools and supplies; holding pipe and 
fittings in position while joints are being made; 
unpacking fixtures; and cleaning up. Helpers 
who demonstrate interest and aptitude for 
plumbing may be invited to become appren- 
tices. Apprentice plumbers are officially regis- 
tered in a training program designed to 


prepare them to be journeymen plumbers. See 
the Apprentices section of this chapter. 
Apprentices are assigned increasingly complex 
tasks as they progress through the training 
program. An apprentice who has successfully 
completed the apprenticeship and passed the 
appropriate licensing exam(s) can perform 
plumbing work without constant supervision. 
See the Licensing and Certification section of 
this chapter. 

Reliable transportation is essential in being 
considered for any of these types of jobs. Most 
plumbing careers require getting to the job site 
using personal transportation. Apprentices and 
journeymen are also expected to have their 
own set of commonly used plumbing tools. 


Job Search 


Searching for a job can be a difficult and 
lengthy process. You may be told “Sorry, we 
don’t have any openings.” or “You don’t have 
the background/experience/skills we need.” 
Try not to take these statements personally and 
strive to maintain a positive attitude. Given the 
difficulty of finding a good job, a plumber 
should use a variety of approaches to conduct 
a job search. Many good references on how to 
find the job you want are available at public 
libraries. The following section is a brief 
description of more commonly used job search 
methods. 

First, decide what type of plumbing work 
you prefer. The choices vary but include new 
construction or maintenance and repair on resi- 
dential, commercial, or industrial buildings. 
Working for a retail or wholesale plumbing 
supplier is also a choice. It is important to iden- 
tify the personal skills, aptitudes, and values 
that contribute to success on the job. This 
makes it possible, and certainly easier, to 
discuss various job opportunities with 
prospective employers. If available, take 
advantage of career counseling services at the 
school you last attended. This may assist you in 
developing a career plan. Another alternative is 
to use one of the computer software packages 
that serve as a guide through the career plan- 
ning process. This software may be available at 


a local high school, community college, or 
public library. 

Second, prepare a brief resume that identi- 
fies the type of work you are seeking, your 
educational background, previous work expe- 
rience, activities and memberships, and signif- 
icant hobbies. See Figure 32-13. Public libraries 
have many references available to assist in 
resume preparation. There are also computer 
software packages designed for writing a 
resume. A school/college guidance office or a 
public library may have this type of software 
available for use. 

With the resume, include the names, 
addresses, and telephone numbers of two or 
three people who can provide a recommenda- 
tion. Contact these people in advance and ask 


Joseph Edward 

1952 Hickman Road 
Clinton, Kentucky 42031 
(518) 322-1930 
www.joed @clinton.com 


JOB OBJECTIVE 


EDUCATION 
XXXX 


Highest level and 
most recent 
listed first 


Obtain an entry level position in an organization where | can 
use my education, training, and skills. 
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their permission to use their names. Briefly 
describe previous experience in the plumbing 
field for each reference. Examples of good 
references include: 


e A supervisor. 
e One or more previous employers. 
e School instructors. 


Even if your reference list is not provided 
with the resume, prepare the list and take 
copies when job hunting or when going to an 
interview. This list is helpful when completing 
the reference portion of job application forms, 
Figure 32-14. 

Third, identify employment opportunities. 
Let people know that you are looking for work. 
Many job-hunting books refer to this as 


Complete name, 
address, and 
phone number 


State the purpose 
of the job search 


Murray State University, Murray, KY 
B.S. Industrial Technology 
Graduation in June of XXXX 


Can operate CAD programs, CNC equipment, and machine tools. 
| have computer and typing skills. 


Clinton High School, Clinton, KY 


Studies in vocational and technical preparation. 


Graduation in May of XXXX 


Familiar with mechanics of an automobile and various appliances. 


WORK EXPERIENCE 
XXX3 to XXX6 


CNC Machine Operator, ACME Manufacturing, Paducah, KY 


Operated computer-controlled lathe and drill press. Ananlyzed 
prints and programmed machining processes. 


Most recent 
listed first 


XXX1 to XXX3 


Mechanic, 3H Trucking, Clinton, KY 
As an assistant to the mechanic for a local gravei hauling 
company, | fixed and maintained trucks, filled out work reports, 


made service invoices. | also drove the trucks as needed. 


Summer XXX1 


Grill Crewperson, Blue Bird Diner, Clinton, KY 


Responsible for cooking and preparing the food and keeping the 


work area clean. 


HONORS AND ASSOCIATIONS 


Member of SME for three years. 
Member of FFA for six years. 
Secretary of FFA chapter on year. 


List all 
activities and 
memberships 


Member of high school student council for three years. 
College varsity football and basketball. 


High school varsity football and basketball. 


List free time 
activities 


HOBBIES 


REFERENCES Available upon request. 


Computers, sports, cars, reading. 


References can be listed 
on separate sheet or here 
if space is available 


Figure 32-13. A well-written resume helps make a good impression on employers. 
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Oliver Thomas Piumbing, Inc. 


1440 South Washington Street 
Peoria, Illinois 61605 

Employment Application 
Name 
Address 


Telephone - 


How long have you lived at present address? if hired can you furnish proof of age 


Employment Record for 5 Years Starting with Last Job 


Employed by From/To 


Address Telephone 


Salary CC Description 


Reason for leaving 


— From/To _ 
Address ___ Telephone 


Employed by 


Salay ss Ct—CtCstCSCSC ob Description _ 
Reason for leaving _ — 
From/To _ 


Telephone 


Employed by - 
Address eee 
Salary __ Job Description 


Reason for leaving —— — 

Use back of sheet if more space is required. 
Type of work applying for: 

Expected starting salary: 


References 


Important information for the applicant from Oliver Thomas Plumbing, Inc. EMPLOYMENT-AT-WILL. 
Your employment is for an indefinite penod. It is at the will of either you or Oliver Thomas Plumbing, 
Inc. to end the employment relationship at any time. No one, except the Board of Directors, has the 
authority to offer or promise, express or imply, an employment contract. Provisions may be modified 
at such a time as Oliver Thomas Plumbing, Inc. determines there are changes that need to be made. 
This application does not constitute a contract, express or implied, nor, does it constitute an offer of 
an employment contract. EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER. Oliver 
Thomas Plumbing, Inc. is an Equal Opportunity/atfirmative action Employer. It is continuing policy 

of Oliver Thomas Plumbing, Inc. to recruit and employ the best qualified individuals without regard to 
face, color, religion, creed, national origin age, handicap, veteran status, or sex. Equal employment 
Opportunity applies to all personnel actions such as recrutting, hiring, compensation, benefits, 
promotions, opportunities for training, transfers, and terminations. No preference is given to the 
hiring of relatives or friends of current employees, although referrals are welcome. 


Signature Date 


Figure 32-14. Complete application forms accurately 
and neatly. 


networking. The purpose is to develop a 
network of people that can help locate the job 
you want. It may be easier to begin with 
friends and family members, because they are 
easiest to talk with. Practice describing the type 
of job you are looking for. Describe your 
personal skills that make you best suited 
for the job and those that will enable you to 
qualify for career advancement. Family and 
friends may be able to suggest contacts in the 
plumbing industry. 

Expand your network by contacting former 
teachers and school guidance counselors or 
placement offices. These people can either 
identify job opportunities or suggest other 
people to contact. When contact suggestions 
are made, record the name, address, telephone 


number, and the name of the person who made 
the suggestion on a 3 x 5 card. 

Begin contacting the suggested people. It is 
generally best to call and make an appoint- 
ment. Indicate your interest in a plumbing 
career and your desire to discuss career oppor- 
tunities. At this point, it may be unknown if the 
company is looking to hire new employees. 
You are not likely to know much about the type 
of jobs the company currently has open. This is 
another attempt to expand your network. 
When going to the appointment, be prepared 
to describe the type of work you are seeking 
and the specific skills you possess. Also, have 
some questions in mind regarding the type of 
work the company does and how they are 
organized. During the conversation, ask if they 
have job openings that may be appropriate for 
you. If they do not, ask if they know of any 
other companies that are likely to be hiring. 
Understand that the person you are talking 
with may have a very busy schedule. Be sensi- 
tive to this by being concise and limiting the 
questions asked. After making the contact, add 
notes to the “contact card” indicating when the 
contact was made, the response you received, 
and any other information that may be helpful 
for future contact. 

Another source of job leads is plumbing 
suppliers. They often hear about job openings 
from their customers. Go to the sales counter 
and ask. There may be plumbers in the store 
who know of vacancies. It may be helpful to 
visit several construction sites where the 
desired type of plumbing work is in progress. 
Tell the first person you see why you are on the 
site and ask whom you can talk to about a 
plumbing job. 

Do not overlook the want ads in area news- 
papers. Plumbing companies often place ads in 
the help wanted section of the newspaper. It 
may be best to go to a library, where most of the 
local and regional newspapers are kept in one 
location. However, you may need to purchase a 
copy of the paper to get the latest edition. If 
you are considering plumbing jobs in any of 


Networking: Finding employment opportunities 
through other people, especially family and friends. 


the 50 major metropolitan areas, it is helpful to 
search the help wanted ads on-line using the 
Internet. Check with school/college guidance 
offices and the public library to see if they can 
help you get access to this service. 

Employment agencies are another source of 
possible job opportunities. State governments 
operate employment services, free of charge, to 
identify job openings. Check the local tele- 
phone directory to locate the nearest offices. 
There are also private employment agencies 
that help people find jobs. Before registering 
with a private agency, make sure you clearly 
understand the services they provide and the 
fees that they charge. Also, be certain that the 
employers they work with offer the type of jobs 
you are seeking. 

If you are interested in maintenance and 
repair work, it may be helpful to contact insti- 
tutions such as hospitals, schools and govern- 
ment agencies; apartment management 
companies; large factories; large shopping 
centers, and the managers of large buildings. 
All of these are likely to employ plumbers. The 
more expanded your contact network, the 
greater your chance of finding the desired job. 


Accepting a Job Offer 


Before accepting a job, make sure you 
know: 


e The job responsibilities. 

e Typical working hours. 

e Who the supervisor is. 

e What tools and equipment are provided. 

e Company policies about sick leave, over- 
time, etc. 

e Benefits, such as health insurance, personal 
time off, and vacations. 

e The pay scale. 

e When and where to report for the first day 
of work. 


Internet: A useful tool for searching for information, 
an international network of computers that are joined 
together. 


Chapter 32 Plumbing Career Opportunities 553 


Assuming that all of these are acceptable, 
you probably want to accept the job. If not, 
now is the time to negotiate. Many of the eight 
items mentioned previously are not negotiable. 
With the exception of pay scale, modest adjust- 
ments in the benefits, and possibly some help 
obtaining tools, prospective employers are 
unlikely to change the offer. However, if you 
believe you are worth more than the offered 
package, either negotiate changes or reject 
the offer. 

What if the job offered is not the type of job 
you really wanted? This can be a very difficult 
choice because you may not know if or when 
you will find exactly the right job. If you take 
this job, you are not going to be available if the 
preferred job is offered to you. If you do not 
take the job, you may have to wait quite some 
time before finding the job you wanted. 
Among the variables to be weighed are: the 
current state of the job market, the chances of 
being selected for the type of job you want, if 
the job that has been offered can lead to the job 
you want, the importance of beginning 
working immediately, and your ability to be 
successful in the job you have been offered. 

Once an offer is accepted, you are commit- 
ting to the contract. The contract may be 
informal, based on a discussion with the 
employer. This is known as an oral contract. It 
may be in the form of a letter, or the employer 
may use a detailed contract that specifies many 
of the items identified previously. In either 
case, you are responsible for performing in 
accordance with its terms. Separate documents 
are often used to describe benefits and 
company policies. Study all contract-related 
documents carefully and ask for clarification 
where needed before accepting the job offer. 


Maintaining an 
Employment Record 


When preparing a resume or filling out an 
application form, it may be difficult to recall 
the names of the previous employers, each 
supervisor’s name, the dates of employment, 
and addresses of the places you have lived. 
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Since this information is frequently required on 
application forms, it is a good idea to keep an 
updated list by adding new information as 
changes occur. Briefly state the type of work 
done for each employer, the wages received, 
and any promotions or changes in job respon- 
sibilities. If you are laid off, you may want to 
ask the employer to write a letter of recommen- 
dation. Providing this letter to prospective 
employers during an interview serves as a 
reference. 

Many employment counselors recommend 
portfolios as a means of documenting work 
experience. In addition to the information 
noted above, a portfolio provides additional 
documentation of your work experience. A 
portfolio may include the following: 


e Plans from which a particular plumbing job 
was done—including your sketches. 

e Photographs of piping 
installed. 

e Photographs of buildings with a written 
description of the plumbing installation. 


systems you 


e Copies of letters announcing promotions or 
special recognition you have received. 


e Copies of your plumbing licenses. 


e A brief description of any responsibilities 
you have had in supervising other 
employees. 


e A list indicating the variety of plumbing 
materials and devices you have installed. 


e A list of the residential, commercial, institu- 
tional, and industrial jobs you have done. 


Some of these items and other documenta- 
tion of work experience can be assembled in a 
binder so that it is easy to update. Using 
dividers makes it easy to quickly locate infor- 
mation, so that you can show only the most 
appropriate items to a prospective employer. As 
experience is gained, replace plans and photo- 
graphs with more recent examples of work. 


Changing Jobs 


There are many reasons for changing jobs. 
You may be laid off because the company lacks 
sufficient work to continue employment. You 


may decide that you want a different job. If you 
are considering seeking a new job, you might: 


e Seek advancement within your present 
company. 

e Look for a job with a different company 
performing similar work. 


e Seek employment with a different company 
performing different work. 


e Search for a different type of job such as 
supervisor, inspector, instructor, or sales- 
person. 


e Become self-employed or start your own 
business. 


If you are interested in advancement within 
your current company, talk with your employer 
about the possibilities. At a minimum, you 
should get some idea of opportunities that may 
become available. You may also receive some 
suggestions regarding additional training or 
experience you need before becoming a viable 
candidate for a promotion. 

If you decide to search for a job outside 
your present company, the job search process 
described earlier in this chapter will be helpful. 
In some cases, you may want to inform your 
current employer that you are looking for a 
different job. This gives you the opportunity to 
use them as a reference. Even if the current 
employer is not listed as a reference, a prospec- 
tive employer is likely to contact them 
inquiring about your work record. You may 
want to make informal contacts to determine 
the opportunities available before telling your 
current employer that you are looking for a 
different job. In some cases, however, it is best 
not to inform your current employer of your 
job search. Some employers may see this as not 
being loyal to the company. This is a decision 
you have to make about your employee/ 
employer relationship. 

Changing jobs purposely can be an impor- 
tant part of a career plan. For example, if your 
intent is to own a plumbing company that does 
a wide variety of plumbing work, it is benefi- 
cial to have experience in each of the different 
types of work. Additional training and experi- 
ence in business management can also be 
very helpful. Installing plumbing systems in 
residential, commercial, institutional, and 


industrial buildings; performing plumbing 
system maintenance; working as a supervisor; 
and preparing estimates for a variety of 
plumbing jobs all contribute to your success as 
the owner of a plumbing company. 


Keeping a Job 


Sometimes a job may be lost because of an 
economic downturn or business failure. There 
is little that can be done to prevent these things 
from happening. However, assuming that 
work is available, how can you improve your 
chances of keeping the job you have? 

In the section titled Characteristics of 
Desirable Employees, the Department of Labor 
study suggests general skills and competencies 
that are necessary for success on the job. In 
addition to these general skills and competen- 
cies, a plumber is expected to possess sufficient 
knowledge and plumbing skills to perform the 
work assigned. 


Evaluation 


A plumber’s performance on the job is eval- 
uated by the employer. The supervisor may be 
required to submit written evaluations for each 
of the employees they supervise. The plumber 
may or may not be given copies of these evalu- 
ations. The evaluation may be very informal 
and unwritten, which is likely to be the case in 
smaller companies. Regardless of how it is 
done, be assured that the supervisor has an 
opinion about the plumber’s value as an 
employee. The following statements were 
summarized from evaluation forms and should 
provide an idea of the evaluation process, 
regardless of whether it is written or informal: 


e Punctual—arrives and is ready to get to 
work on time. 

e Dependable—follows through on assign- 
ments and suggestions for improvement. 

e Honesty—is truthful with the supervisor 
and coworkers. 
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e Cooperative—works willingly with other 
plumbers, supervisors, and others. 


e Communication skills—listens carefully 
and communicates effectively, both orally 
and in writing. 

e Motivation—gives a fair day’s work for a 
fair day’s wage. 

e Planning—plans work carefully, establishes 
realistic objectives for completion of work, 
and is able to modify plans if conditions 
change. 

e Job knowledge—understands responsibili- 
ties and the tasks to be performed. 

e Technical ability—performs the work with 
limited supervision. 

e Quality of work—work consistently meets 
the employer’s standards. 

e Quantity of work—meets or exceeds output 
expectations. 

e Use of materials and supplies—minimizes 
waste of materials and supplies. 

e Decision making—recognizes and analyzes 
problems, makes the appropriate decisions. 

e Leadership—guides others toward the 
completion of assigned work. 

e Potential for advancement—this person is 
promotable. 

If the company does not have a formal eval- 
uation process, it is a good idea to periodically 
make an appointment with the supervisor to 
inquire about their assessment of your 
performance. It may be necessary to initiate the 
discussion by asking questions, such as: 

e “What am I doing well?” 

e “How could I improve my performance?” 

e “What are my assets?” 


e “What do I need to do to improve my 
performance on the job?” 


Self-Improvement on 
the Job 


One of the more important ways to ensure 
that you continue to have a job is to increase 
your knowledge and skills. A plumber can use 
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the evaluation information from their super- 
visor and the questions given in the previous 
section to help identify areas for improvement. 
Give attention to the general skills and compe- 
tencies, as well as the more specialized tech- 
nical skills. Data from studies analyzing why 
people consistently lose jobs documents that 
the inability to get along with supervisors and 
coworkers is the most common reason. 
Developing a cooperative attitude is essential 
to both retaining a job and earning promotions. 


Intolerable Practices 


An undesirable work environment may be 
encountered due to discrimination and/or 
harassment or other illegal practices. A 
plumber does not need to tolerate gender, race, 
age, or religious discrimination; sexual or other 
forms of harassment; pressure to make installa- 
tions that are violations of the plumbing code; 
pressure to participate in underhanded deals 
that cheat the customer or the employer; or job 
conditions that are unsafe according to the 
Occupational Safety and Health Act (OSHA). 
All of these are illegal and a plumber has the 
right to seek assistance from the appropriate 
state or federal authorities if they find it diffi- 
cult to obtain an appropriate change in the 
offensive practice. 


Starting a Small 
Business 


A plumber may decide to start an inde- 
pendent business. The easiest way to do this is 
becoming self-employed, meaning that you 
work alone to do small plumbing jobs. Most 
self-employed plumbers do maintenance, 
repair, and remodeling work. If the work you 
perform requires that you obtain a plumbing 
permit, you may need a master plumber’s 
license. Check with building officials in the 
area you plan to work in, to determine the 
specific requirements. It is sometimes possible 
to begin working part-time, as a self-employed 


plumber, while maintaining your regular job. 
Be cautious about this, however. Your 
employer may consider it a conflict of interests 
if you take jobs that are normally a part of the 
company’s workload. It is best to discuss your 
intentions with your employer and clarify the 
type of work your business is doing. Some 
employers may even refer business to you that 
the company does not wish to undertake. 

Becoming a part-time, self-employed 
plumber before starting a business is beneficial 
in allowing you to obtain some management 
experience, develop a client base, establish a 
reputation, arrange accounts with suppliers, 
and learn how to report expenses and income 
involved in general record keeping. It can, 
however, be very demanding. All the work for 
your business must be done after you have met 
the requirements of your regular job. 

You may choose to establish a small 
plumbing business with or without previous 
experience as a_ self-employed plumber. 
Establishing a small business means having 
employees. This is an important difference, 
because there are many additional responsi- 
bilities as a business owner than as a self- 
employed plumber. For example, you are 
responsible for obtaining enough work to 
keep your workers employed. You must also 
provide equipment, calculate and withhold 
income tax, provide benefits, and supervise the 
work of employees. 

You need to check the laws in each of the 
communities where you plan to work to deter- 
mine the requirements for business licenses 
and plumber’s licenses. In some cases, you are 
expected to have a bond (special type of insur- 
ance policy) to protect customers against defec- 
tive work. 

Both self-employment and starting a 
plumbing business require start-up money. A 
self-employed plumber may need to purchase 
or rent tools and equipment. The cost of oper- 
ating a vehicle, buying materials and supplies, 
and other expenses must be paid before your 


Occupational Safety and Health Act (OSHA): 
National act that regulates safety conditions in the 
workplace. 


customer pays you. If you are operating a 
plumbing business, the need for money 
increases significantly because you may need 
an office, advertising, equipment, and vehicles 
before you get your first job. Also, your 
employees need to be paid even if you have not 
received payment for the work they completed. 
You may be able to save money for these 
expenses, but people starting new businesses 
typically borrow money to meet these obliga- 
tions. To obtain a loan for this purpose, you 
must prepare a business plan. 


Business Plan 


Whether self-employed or the owner of a 
small business, it is necessary to retain a lawyer 
and an accountant. A realistic business plan can 
be developed working with both of these 
people. A business plan serves at least these 
three purposes: 


ə Itis a means of developing the concept for 
a business. A carefully prepared plan 
enables a plumber to study every aspect of 
the proposed business before they begin 
operation. 


e It enables a plumber to raise the money 
needed to start the business. 


e It provides a means of measuring progress 
and a basis for making adjustments to 
improve the business after the business is 
operating. 

A plumber should prepare a business plan, 
even if he/she thinks sufficient money has 
been raised. It may be difficult to realize how 
much money is actually required. Even more 
important is the need to consider every aspect 
of the proposed business before attempting to 
begin operation. The outline for a typical busi- 
ness plan, given in Figure 32-15, covers deci- 
sions that need to be made and the information 
that is necessary to prepare a business plan. 

Describing the development of a complete 
business plan is beyond the scope of this 
book. However, many good books on the 
subject can be found at the public library or a 
local bookstore. Specific references on topics 
such as marketing, finance, accounting, and 
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management provide additional details. 
Computer software packages are available to 
guide you through the process of developing a 
comprehensive business plan. 

Plumbers will find there are many sources 
of information available to them. Some adult 
education programs and colleges offer courses 
in entrepreneurship and other business-related 


A business plan generally contains these elements 

1. Table of Contents. 

2. Executive Summary—Provides an overview of the 
entire document (written last). 

3. Company Description—Generally describes the 
activities and nature of the company. 

4 

5 


. Product(s)/Service(s)—Describes the product(s) 


| 

. Goals and Objectives—Describes what the 

company is expected to achieve in terms of sales 
volume, return on investment, and other objective 
measures. 

6. Marketing Plan—lIdentifies the customers for the 
new business and describes how the product(s) 
and service(s) will be marketed. 

7. Competitive Advantages—Describes the 
competition and how the new company will have an 
advantage in the chosen market. 

8. Operational Plan—Describes how the business will 
be conducted. For a plumbing business, topics 
such as estimating and bidding, contracting, 
sources of materials and supplies, quality control 
follow-up service, permits and inspections need to 
be included. 

9. Organization and Management—An organizational 
chart identifying each position in the company may 
serve as the basis for this section. The 
responsibilities of each individual identified in the 
organizational chart can be provided in the form of 
job descriptions. Resumes for the people who will 
hold key management positions should be included 
in the appendices. 

10. Financial Resources—This section describes the 
financial resources required in order for the 
business to succeed during the first three to five 
years. 

11. Financial Plan—Projections of the company’s 
expected income and expenses. 

12. Anticipated Problems—Describes problems that 
are anticipated and how they will be overcome. _ 

13. Summary—Restates the competitive advantage, 
costs, and profits for the peee produ ioi 

and/or service(s). 

14. Appendices— 

Analysis of the Competition. ` 
Resumes of Key aae G Personnel. 


| 
| 
| 
and service(s) the company will offer. 
| 
| 
| 


Figure 32-15. A business plan contains important ele- 
ments that all self-employed or small business owners 
should adhere to. 
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topics that may be beneficial. Experienced 
business people, accountants, consultants, and 
lawyers can provide advice and information. 
SCORE (Service Committee of Retired 
Executives) is a volunteer organization that 
provides free or low-cost advice to individuals 
seeking to create new businesses. The Small 
Business Administration is the agency of U.S. 
Government responsible for promoting the 
development of businesses. They have offices 
in many cities. Many states and local communi- 
ties also have agencies responsible for 
promoting business development. They can be 


contacted through the general information 
telephone number for their state or city 
government. 


SCORE (Service Committee of Retired Executives): A 
volunteer organization that provides free or low-cost 
advice to individuals who are seeking to create new 
businesses. 

Small Business Administration: The agency of U.S. 


Government responsible for promoting the develop- 
ment of businesses. 


Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


il 


23 


. In many communities, a 


List the major employment areas in the 
plumbing field. 

The most highly qualified plumber is 
known as a(n) plumber. 

A. master 

B. apprentice 

C. journeyman 

D. assistant 


. People who want to learn the plumbing 
trade begin training as a(n) plumber. 
A. journeyman 
B. master 


C. apprentice 
D. assistant 


. To be a contractor, a plumber must 


A. have all the proper equipment 
B. have a master plumber’s license 
C. graduate high school 

D. None of the above. 


. Which of the following tasks is performed 


by the government officials responsible for 
enforcing the plumbing code? 

A. Inspect plans. 

B. Inspect work during construction. 

C. License plumbers. 

D. All of the above. 


. The person who supervises the on-the-job 


training of apprentices is known as the 


A. plumbing educator 

B. apprentice coordinator 
C. contractor 

D. supervisor 


. Why is plumbing important to the public 


health and welfare? 

license is 
required to operate a plumbing business. 
A. general contractor’s 
B. master plumber’s 
C. journeyman plumber’s 


D. sewer tapping 


.The U.S. Department of Labor has 


described a three-part foundation of knowl- 
edge and skills essential for success in the 
workplace. Identify and briefly describe the 
three components. 
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14. 
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18. 
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Competencies regarding the use of time, 
materials, and supplies relate to the effec- 
tive use of 

A. information 

B. systems 

C. resources 

D. technology 

Competencies that enable a plumber to 
understand interrelationships of compo- 
nents relate primarily to 

A. information 

B. systems 

C. resources 

D. technology 

Competencies that enable a plumber to 
select and use tools and equipment relate 
primarily to 

A. information 

B. systems 

C. resources 

D. technology 

Identify and briefly describe three ways 
plumbers can improve the performance of 
their work group. 

A plumber can check to see if they have all 
the information needed about a job assign- 
ment by asking what six questions? 

A resume normally includes a plumber’s 
A. work experience 

B. address 

C. educational background 

D. All of the above. 

In the process of developing your job search 
network, you may find it helpful to 
A. contact friends 

B. contact school/college counselors 

C. check the want ads 

D. All of the above. 

If a plumbing contractor were seeking to 
hire a plumber, what five important quali- 
ties are the plumber expected to possess? 
Why is it important to maintain an accurate 
record of employment? 

How does being self-employed differ from 
being a small business owner? 

What purposes does a business plan serve? 
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ggested Activities 

Interview plumbers regarding available 
plumbing career opportunities. Report the 
findings of your interview to the class. 


. Obtain copies of printed information that 


describes the plumbing apprenticeship 
program in your community. Study these 
materials carefully and present a summary 
of your findings to the class. 


3. Using publications such as the Dictionary of 


Occupation Titles and the Occupational 
Outlook Handbook, summarize the opportu- 
nities in the plumbing field and report your 
findings to class. 


. Review the bulleted employee evaluation 


topics in this chapter. In which three of 
these items would you give yourself a high 
rating? In which three of these items would 
you give yourself a low rating? What could 
you do to improve the low ratings? 


Plumbing 
History 


Objectives 

This chapter outlines the history of plumbing, 
from its crude beginnings about 5000 years ago 
to the extensive water supply and DWV 
systems used today in developed countries. 


After studying this chapter, you will be able to: 

e Describe examples of plumbing develop- 
ments from ancient times. 

e Identify the contributions of the Romans to 
the development of plumbing. 

e Describe the contributions of plumbing to 
contemporary society. 

e Trace the development of plumbing in 
Western Europe and the United States. 

e Describe the development of plumbing 
fixtures, piping materials, and tools. 

e Describe the contribution of laws, codes, 
and various organizations to the develop- 
ment of plumbing. 


Technical Terms 


Dark Ages Metropolitan 
Black Plague Health Law 
Cholera Germ theory 
Microscope Public bathhouses 
Typhoid Venting 
Dysentery Bitumen 


Water level 

Spirit or bubble level 

Pipe wrench 

Roto-Rooter™ 

National Plumbing 
Standard 


Plumbum 
Garderobe 
Valveless water 


waste preventer 
Terra cotta 
Galvanized 
Joint runner 


The history of plumbing can be traced back 
approximately 5000 years to the Babylonians, a 
Middle Eastern people who built cisterns to 
collect rainwater and developed systems to 
dispose of human waste. The ancient Romans 
were famous for their aqueducts and public 
baths. The Dark Ages following the fall of the 
Roman Empire were characterized by the 
absence of plumbing and lack of personal 
hygiene. Only isolated examples have been 
found of plumbing being installed in palaces 
and castles during those centuries. 

As modern-day civilizations began to 
develop in Western Europe, sewers were 
constructed in some areas to help control storm 
water, and some efforts were made to improve 
the quality of water. London’s cholera 
epidemic of the early 1800s was traced to the 
water supply. Later, scientific studies deter- 
mined that other diseases could be transmitted 
by the same means. These findings demonstrated 
the need for a safe water supply. The Industrial 
Revolution, beginning in the mid 1700s, led to 
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the development of large cities, stimulating the 

development of water supply and sewage 

systems. 

Plumbing as we know it in the United States 
began to develop in the mid-1800s. However, it 
was not until the building boom of the 1920s, 
following World War I, that indoor plumbing 
became commonplace in the homes of nearly all 
Americans. These developments parallel the 
expansion of the U.S. population and the 
increasing concentration of people in cities. 

This chapter is organized in five major 
sections: 

e Plumbing and Contemporary Cuivilization— 
Health issues, scientific discovery, and chang- 
ing attitudes establish plumbing as a funda- 
mental component of contemporary society. 


e Fixtures, Faucets, and Valves—Describes 
developments in plumbing fixtures, 
faucets, and valves. 


e Pipe and Fittings—Outlines the develop- 
ment of pipe and fittings. 


ə Tools and Equipment—Presents examples of 
the development of tools and equipment 
important to plumbing. 


ə Codes, Standards, and Organizations—Iden- 
tifies the development of plumbing codes, 
standards, and laws that have impacted 
plumbing. It also identifies some of the 
organizations influential in the develop- 
ment of plumbing. 


The colored icons shown next to each of the 
five sections are keyed to the timeline shown in 
Figure 33-1. The icons identify the section in 
which each timeline item is discussed. This 
timeline will help you understand the relation- 
ship among the various developments and 
provide a summary or overview of key 
elements in the evolution of plumbing. 


Plumbing and 
Contemporary 
Civilization 

The value of plumbing in our contempo- 
rary Western society is often taken for granted. 


However, few things are more important to our 
health and safety. This brief review of the 
health problems, scientific discoveries, and 
changing attitudes related to the development 
of plumbing underscores the fundamental 
importance of plumbers and plumbing. 

The Roman Empire was the first to provide 
large numbers of its citizens with plumbinge. 
The Romans were wealthy and were motivated 
by desires for comfort, convenience, and attrac- 
tive surroundings. There is little evidence that 
they understood the relationship between 
cleanliness and health. Certainly, they knew 
nothing about waterborne disease. Some histo- 
rians believe that poisoning from the lead 
water pipes may have been responsible for the 
decline of the Roman Empire, because it caused 
a form of mental illness called dementia. 
Following the fall of the Roman Empire, early 
Christians rejected nearly all things Roman, 
including bathing. To be clean was considered 
“unsaintly.” 

The period from approximately 400-1000 AD 
is known as the Dark Agese, because the lack of 
stable government meant that little or no 
progress was made technologically. For most 
people, it was a time of filth, squalor, rats, lice, 
mosquitoes, contaminated water, and disease. 
During a five-year period in the mid-1300s, the 
Black Plague killed 25 million people—nearly 
one-third of mainland Europe’s population. 
Although the plague was not directly related to 
the water supply, it was directly connected to 
the lack of sanitary waste disposal. 

In the 1800s, cholerae became an interna- 
tional disease and spurred the development of 
plumbing. In the 1850s, Dr. John Snow traced 
cases of cholera in central London to a single 
contaminated drinking water source. Snow 
also experimented with the use of chlorine to 


Dark Ages: The period from approximately 400- 
1000 AD. 


Black plague: Disease connected to the lack of sani- 
tary waste disposal, resulting in the deaths of 
25 million people in Europe in the mid 1300s. 


Cholera: An international disease in the 1800s that 
was traced to a contaminated drinking water source. 


disinfect water. In 1876, Dr. Robert Koch used 
the microscope (a device invented nearly 200 
years earlier) to identify the bacteria that 
caused cholera. 

Typhoide also became a problem in the late 
1800s. Not even the British Royal Family was 
spared. Queen Victoria’s husband, Prince 
Albert, died of typhoid in 1861, and Victoria 
nearly lost her son to typhoid in 1871. The 
source of the problem was traced to contami- 
nated plumbing. 

In the U.S., the Common Council of 
Philadelphia nearly passed an ordinance in 
1835 banning wintertime bathing. Ten years 
later, the city of Boston did outlaw bathing, 
except for medical treatment. Apparently, the 
Boston law was not enforced, but it does 
demonstrate the resistance of Americans at that 
time to bathing. 

Cholera epidemics, typhoid, and dysenterye 
were common, particularly in cities throughout 
North America. Detroit, New York, and 
Montreal, Canada, all experienced large 
numbers of deaths from cholera in 1832. The 
Industrial Revolution was underway, and the 
concentration of people in cities greatly 
increased sanitation problems. 

Chicago grew from a town with 350 resi- 
dents in 1835 to a city of 60,000 by 1850. A 
cholera epidemic in 1854 killed more than five 
percent of the city’s population; typhoid death 
rates were high, as well. Most of Chicago’s 
sewage was dumped into the Chicago River, 
which flowed into Lake Michigan. Since the 
lake was the source of drinking water for the 
city, the water supply became contaminated. 
In an effort to solve the problem, a twin-tunnel 
intake pipe that extended two miles into 


Microscope: A device invented in the 1600s that was 
used to identify the cholera-causing bacteria nearly 
200 years later. 

Typhoid: A disease in the late 1800s caused by contam- 
inated plumbing. 

Dysentery: A common disease in the U.S. in the 1800s. 
Metropolitan Health law: Law passed by the New 
York Metropolitan Board of Health in 1870, which 
included idea of sanitary plumbing for every 
building. 
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Lake Michigan was completed in 1869. The 
Chicago Water Tower, Figure 33-2, together 
with its pumps, distributed the lake water 
through the city’s supply pipes. Unfortunately, 
it was not long before the volume of contami- 
nants flowing into Lake Michigan polluted the 
water near the new intake pipes. The solution 
was to reverse the direction of the Chicago 
Rivere, so it flowed to the Mississippi River 
rather than into Lake Michigan. This was 
accomplished by constructing a lock near 
where the river joins Lake Michigan, then 
building a 28-mile canal connecting the 
Chicago River with the Illinois River, and even- 
tually the Mississippi River. This project was 
completed in 1900. Additional branches, 
reversing the flow of two smaller streams, were 
added to the system in 1910 and 1922. Scientific 
and technological developments begun in the 
early 1900s enabled sewage treatment facilities 
to be constructed in Chicago and other cities. 
These facilities greatly reduced the pollution of 
water supplies caused by raw sewage. 

A New York State law, passed in 1881, 
required that plumbers be registered. The new 
law also required that all new plumbing instal- 
lations be supervised by the local Board of 
Health. This is thought to be the beginning of 
plumbing permits and inspections. In 1866, the 
New York Metropolitan Board of Healthe 
became the first such board in the United 
States. This board’s Metropolitan Health law 
of 1870 was hailed as the world’s most 
complete health legislation. It included the idea 
of sanitary plumbing for every building. 

In the late 1880s, the French scientist Louis 
Pasteur developed his germ theory, explaining 
how disease is transmitted by microscopic 
organisms. Many germs, such as the cholera 
bacteria, transmit disease through water. 
Americans, like their Western European coun- 
terparts, were not accustomed to frequent 
bathing. However, by the 1890s, the link 
between cleanliness and good health had been 
clearly demonstrated. Medical professionals, 
health officials, and religious leaders began to 
advocate the use of hot water and frequent 
bathing. Since heated water and bathing facili- 
ties were available at that time only in the 
homes of the wealthy, efforts were made to 
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3000BC 1000 
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Figure 33-2. The Chicago Water Tower was built as 
part of an effort to obtain safe drinking water from 
Lake Michigan. (Jack Klasey) 


provide public bathhousese. Such facilities 
were built in many major cities to provide an 
inexpensive means for poor people to bathe. 
Chicago opened its first public bathhouse in 
1884, and by 1900, three public bathhouses had 
been constructed. Many of the pumping 
stations for the city’s water supply system 
provided spray baths. Unlike the lavish Roman 
baths, these facilities were utilitarian. A 
Chicago Health Department report indicated 
that groups of people cycled through the 
shower in 20 minutes. During that time, the 
showers were turned on for only 7-8 minutes. 
The balance of the time was devoted to 
undressing, grooming, and dressing. 

By contrast, the Sutro Baths, built by 
Adolph Sutro in San Francisco and opened in 
1896, were lavish and intended for recreation 
and relaxation. The massive glass enclosure 
contained seven swimming pools with various 
water temperatures. Together, the pools held 


1.7 million gallons of water and could be filled 
by the Pacific Ocean’s high tide in one hour. 
The facilities could accommodate 10,000 
people at one time. Following a period of finan- 
cial success, the baths closed in the 1930s. A 
1966 fire destroyed what remained of the struc- 
ture. Portions of the foundation remain in what 
is now Golden Gate National Recreation Area. 

Early attempts to install plumbing indoors 
were often failures because sewer gas escaped 
into the house despite the installation of traps. 
In 1874, the problem became so great for one 
New York City plumbing contractor that he 
called a meeting of Master Plumbers to find a 
solution. One of the plumbers attending the 
meeting suggested that balancing air pressure 
within the drain/waste piping system by 
adding a vent would prevent the trap seals 
from being lost. The plumber was given 
permission to test his theory by modifying the 
piping system. He installed a %” lead pipe near 
each trap, extending the pipe to the outside. 
The system worked fine until some of the “4” 
lead pipe became clogged. While the experi- 
ment was not a complete success, it led to the 
general adoption of ventinge for drain/waste 
systems. This made it possible to have indoor 
plumbing facilities without odor problems. 
Unfortunately, the name of the plumber who 
solved the problem was not recorded. 

The building boom of the 1920s in the 
United States greatly increased the number of 
bathrooms in homese. In the four-year period 
1919-1923, the value of plumbing supplies 
produced in the country doubled. By 1933, 
three-fourths of the homes in 15 major cities 
had one or more bathrooms. This represented a 
tremendous increase compared to 1920. In part, 
the attitudes toward bathing were changed by 
an aggressive “Bath-a-Day” campaigne spon- 
sored by Domestic Engineering magazine. In 
November 1920, the magazine published a 


Public bathhouses: Facilities built in the late 19th 
century in many major cities to provide an inexpen- 
sive means for poor people to bathe. 

Venting: Part of drain/waste systems that makes it 
possible to have indoor plumbing facilities without 
odor problems. 


pamphlet entitled “The Story of the Bath.” The 
widely distributed pamphlet emphasized the 
value of daily bathing and the horrors of failing 
to do so. 


Fixtures, Faucets, and 
Valves 


Before the widespread installation of 
plumbing in American homes, the indoor bath- 
room consisted of a washstand with washbowl 
and pitcher and a chamber pot (commode). The 
use of the chamber pot was typically limited to 
nighttime. During the day, the outhouse was 
used. Some kitchens had sinks fed by a hand 
pump connected to a nearby cistern or well. 

The increasing population in the cities 
created unsanitary conditions that caused 
diseases such as cholera, typhoid, and dysen- 
tery to become major problems. Two examples 
will illustrate the nature of the problem. In 
towns and cities, it was common practice to 
empty the chamber pot by throwing the 
contents into the unpaved street in front of the 
house. Water runoff from rainstorms carried 
the material into streams. Later, when the first 
sewers were installed, their main purpose was 
to carry away storm water. As plumbing was 
introduced, waste piping was connected to the 
storm sewers, which emptied into streams. 
This meant that contaminated water entered a 
stream or river upstream from where other 
people were obtaining their drinking water. 

As noted at the beginning of this chapter, 
the earliest known attempts to develop 
plumbing date back to the Babylonianse, who 
are believed to be the original developers of 
plumbing systems to dispose of human waste. 
In about 3000 BC, they were using clay mixed 
with short lengths of straw to make clay tile. 
Some copper and lead was used in their 
plumbing, as well. The packed clay floors in 


Bitumen: A natural type of asphalt used to make clay 
floors waterproof in about 3000 BC. 
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the “bathrooms” of wealthy citizens were 
made waterproof with a coat of bitumen, a 
natural type of asphalt. The bitumen was then 
coated with limestone dust to prevent it from 
sticking to the feet of the bather. By 2500 BC, 
many of the dwellings in what is now Pakistan 
and Western India had drains for waste 
disposal. Lead stoppers and copper drain pipes 
were found in Abusir, Egypt, in a temple that 
dates to the same period. A stone sewer fed by 
four separate terra cotta (clay) pipe drains was 
an innovation of the Minoan Palace of 
Knossose on the isle of Crete. The palace latrine 
contained the first flushing water closet. 

The Greeks’ major contribution to plumb- 
ing was the development of bathtubs with 
drains. The drain pipes from the tubs are 
believed to have been made from clay. The 
gymnasiumse built in large Greek cities fol- 
lowing the creation of the Olympic Games in 
776 BC included hot and cold shower baths. 
Hot water was for the ladies. A man’s bath 
consisted of rubbing the skin with a wet 
sponge or scraping it with a metal tool 
followed by cold water being poured over the 
bather. The soaps of the day were made from 
goat fat and ash. They were used for washing 
clothing, but were too harsh for bathing. 

The Romanse are widely recognized for 
their contributions to the development of 
plumbing. The first sewer for the city of Rome 
was constructed between 800 BC and 735 BC. 
The first aqueduct to bring water to the city 
was built more than 400 years later, in about 
330 BC. Both the sewer and the aqueduct are 
still in use today. Over the years, the Romans 
expanded the aqueducts and sewers serving 
Rome to the point that 300 gallons of water per 
person flowed through the system each day. It 
is important to note that the water moved 
continuously by gravity — it was not a pressur- 
ized system with faucets and valves. 

The Roman bathse, complete with heated 
water and steam rooms, served a social and 
recreational function as well as being used for 
bathing. These facilities were available to all 
Roman citizens. The Romans built similar facil- 
ities in other cities throughout their empire. 

The aqueducts were basically stone-lined 
trenches that were carried across valleys by 
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stone arches. The Romans used lead to make 
pipe and line sinks and other simple fixtures. 
Plumbum is the Latin word for lead. The term 
plumber is traced to the Roman term 
plumbarius, “one who works with lead.” 

Following the fall of the Roman Empire, 
plumbing development virtually ceased until 
the 19th Century. Early Christians rejected 
many Roman practices on moral/religious 
grounds. Primarily because of the reputation of 
Roman bathhouses as places of sensual 
pleasure, bathing was rejected. It was said 
to be “unsaintly to be clean.” The Dark Ages 
(400-1000 AD) were characterized by filth, rats, 
lice, mosquitoes, contaminated water, and 
disease. During the succeeding Middle Ages 
(1000-1400 AD), the development of the feudal 
system in Western Europe led to the construc- 
tion of castles. The closest thing to plumbing 
found in these castles was a form of “built-in 
outhouse,” a small room called a garderobe, 
Figure 33-3. Waste dropped through an 
opening in the castle wall into the moat or on to 
the ground surrounding the castle wall. 


ra Garderobe 


Moat 


Figure 33-3. Waste from the garderobe simply 
dropped into the castle moat or onto the ground out- 
side the walls. 


Many of the innovations that led to 
improved plumbing were isolated instances 
where a solution was developed for a specific 
need. For example, in 1562, cast iron pipe was 
introduced in Germany to supply water to a 
fountain. In 1595, Sir John Harington built a 
wash-down style water closet for himself, 
similar to those in the Minoan Palace on Crete. 
He called it the “privie in perfectione,” and in 
1596 installed a second one for his godmother, 
Queen Elizabeth I. 

During the early years of the 18th Century, 
outhouses gained acceptance in the U.S. The 
basic design was a simple shed, Figure 33-4. A 
bench with one or more holes was built over a 
pit where the waste was collected. More elabo- 
rate versions had multiple seats and some were 
even built with brick. Today, some rural homes 


Figure 33-4. Before indoor plumbing became 
common in the 20th Century, the outhouse was widely 
used. It is still found today in some rural areas. 


Plumbum: The Latin word for lead. 


Garderobe: A small outhouse-like room found in 
castles constructed during the Middle Ages. 


and remote parks continue to use outhouses 
because sewage systems are not available. 

The development of plumbing fixtures 
progressed more rapidly after 1750. The 
following paragraphs summarize the develop- 
ments of bathtubs, showers, lavatories and 
sinks, and water closets. 


Bathtubs, Sinks, and 
Lavatories 


The development of lavatories and sinks 
paralleled the development of bathtubs. The 
size of sinks and lavatories made them easier to 
produce as one-piece units than the larger 
bathtubs. The earliest versions of these devices 
often had only drains that directed waste 
outside of the building where it ran off as a part 
of natural drainage. Buckets or hand-operated 
pumps were used to fill them. 

Benjamin Franklin is believed to have 
brought the first bathtub to the U.S.e when he 
returned after the Revolutionary War from his 
service as ambassador to France. The bather sat 
on a bench inside the device, which was 
shaped like a high-topped shoe, Figure 33-5. A 
firebox was located in the heel of the tub to heat 
the water and there was a drain at the toe. 
Many early bathtubs had neither a drain nor 
water supply piping. Water was heated on a 
cookstove and poured into the tub. Early tubs 
that were large enough to sit in were wooden 


LV 
Seat 
ji (inside) 
Figure 33-5. Early bathtubs were made of copper 


in a shape like a shoe. They were filled by using 
buckets, and included a firebox for heating the water. 


Firebox 
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boxes lined with copper, lead, or tin to make 
them hold water. In more expensive homes, the 
wood enclosure was made to look like a fine 
cabinet. 

A 1917 article by humorist H.L. Mencken 
traced the first bathtub with both water supply 
and drain piping in the U.S. to Cincinnati, 
Ohio, and stated that President Millard 
Fillmore had the first bathtub installed in the 
White House. This article has been referenced 
in many works on the history of plumbing, 
even though Mencken—soon after its publica- 
tion—admitted that it was a hoax. He said that 
he wrote it to demonstrate that Americans 
would believe anything that was printed in a 
newspaper. According to records from the 
White House, the first bathtub that was 
connected to both the water supply and 
drainage piping was installed while Andrew 
Jackson was President (1829-1837)e. 

Bathtubs, lavatories, and sinks made from 
cast irone were being produced in the U.S. in 
the 1860s and possibly earlier. The original cast 
iron tubs were painted. By the 1890s, enameled 
cast iron fixtures were being produced by 
several manufacturers. The hard enamel 
coating made the tub easy to clean and elimi- 
nated the need to repaint. These tubs were 
being mass-produced and cost less than their 
predecessors. Porcelain bathtubs also became 
available in the 1880s. The glazed coating made 
them easy to clean, but they were very heavy 
and tended to crack under stress. 

Lavatories and sinks were also made of 
marble and porcelain. Figure 33-6 is an illustra- 
tion from an old catalog, showing a lavatory 
with a ceramic bowl and a marble top and back 
supported on cast iron brackets. The one-piece 
ceramic lavatories tended to be smaller and 
were often supported on similar cast iron 
brackets. 

In 1900, the Kohler Company introduced 
the first one-piece enameled cast iron lavatory 
with a backsplash and a similar kitchen sink 
with a backsplash and drain board. By 1911, 
they were manufacturing the first one-piece 
recessed bathtube. It included an apron that 
went all the way to the floor along one side. 
This tub became the model for recessed bath- 
tubs that are installed in most homes today. 
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Figure 33-6. During the late 1800s, sinks and lavato- 
ries for expensive homes were made from marble 
and fitted with a porcelain bowl. This illustration is 
from a manufacturer's catalog. 


Universal-Rundle Corp. and the Owens- 
Corning Fiberglas Corp. joined forces in the 
early 1960s to produce the first molded fiber- 
glass one-piece bathtubs and shower bases. 
Jacuzzi introduced the first hydrotherapeutic 
whirlpool bathe in 1968. In 1991, they began to 
market a combination whirlpool and shower. 


Showers 


Evidence of showers has been found in the 
ruins of ancient Egyptian citiese that date to 
approximately 1350 BC. The bather stood in a 
basin while water was poured over him or her 
by servants. The ancient Greeks took outdoor 
showers by standing under spouts in the side 
walls of large fountains built in their cities. 

Further development of showers did not 
take place until the late 18th Century. A 
London watchmaker named William Feetham 
was granted the first patent for a shower in 
1767. Because it lacked a source of piped hot 
water, the shower was slow to gain acceptance. 


One of the more elaborate early showers, built 
around 1810, was the English Regency Shower. 
It was 12 feet tall, made of metal painted to 
look like bamboo, and included a pump that 
forced water from the lower basin to the basin 
at the top. The major disadvantage was that the 
water was used repeatedly. 

The Virginia Stool Shower, Figure 33-7, was 
introduced in the 1830s. It was placed in the 
bathtub and the hand-operated pump lifted 
water from the tub and sprayed it over the 
user’s head. A foot pedal moved a brush up 
and down the user’s back. It failed to achieve 
popularity. 

A number of showers that were developed 
and marketed in the 1880s and 1890s are 
comparable to the luxury showers of today. For 
example, the 1888 Mott Iron Works Catalog 
shows a combination showere with multiple 
jets (needle sprays). It bears a striking resem- 
blance to the showers in some of today’s luxury 
bathroomse. 

For a shower to be pleasant and safe, there 
must be both a reliable source of hot water and 
a valve that automatically adjusts for changes 
in incoming water pressure and temperature. 
Early attempts to solve these problems were 


Shower head 
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Figure 33-7. The wooden Virginia stool shower is an 
example of an invention that never became popular. 


not entirely successful. Also, there was an 
“image” problem: the first effective showers 
were installed in prisons, mental institutions, 
and homes for the poor because they were the 
least expensive way to bathe large numbers of 
people. This created a stigma that showers 
were not for normal people. By the late 1940s, 
however, plumbing advances and a great 
increase in home ownership resulted in 
improved popularity for showerse. By this 
time, reliable water heaters were available, and 
single lever valves had been developed that 
could compensate for variations in incoming 
water temperature and pressure. Also during 
the 1940s, showers began to be installed that 
were separate from the bathtub. Beginning in 
the 1980s, showers became increasingly sophis- 
ticated with the installation of multiple spray 
heads, pulsating sprays, and some steam 
generators. 


Water closets 


The development of a practical, inexpen- 
sive, and sanitary water closet was a difficult 
and lengthy process. The device had to prevent 
sewer gas and vermin from entering the 
building, operate with low water pressure, 
flush easily, make little noise, be easily cleaned, 
and be attractive. 

As mentioned earlier, Sir John Harington 
built the first wash-down style water closet in 
1595. The slang term “john” for the bathroom is 
believed to be a reference to this innovator. 

Nearly 200 years passed before new 
designs for water closets began to be devel- 
oped. In 1775, Alexander Cummings of 
England patented the water closet that became 
the prototype for today’s toiletse, Figure 33-8. 
A sliding valve held water in the bowl and an 
S-trap provided a siphon. Cummings has been 
referred to as “the father of the water closet.” In 
1777, Samuel Presser received a patent for the 
plunger closet, Figure 33-9. Joseph Bramah 
patented a valve closet in 1778 that evolved 
into the pan closet, Figure 33-10, which 
remained in use in both England and America 
for nearly 100 years. 
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Figure 33-8. The inventor of this device, Alexander 
Cummings, is known as the “father of the water 
closet.” 


It took nearly a century, however, for varia- 
tions of these initial designs to become popular 
in England. George Jennings installed water 
closets in the Crystal Palace in London for the 
Great Exhibition of 1851. More than 825,000 
visitors paid to use the “necessary conven- 
ience” and its popularity increased. Jennings 
received the Gold Medal at a health exhibit in 
1884 for a one-piece pedestal vase toilet. It was 
Thomas Twyford, however, who is generally 
credited with the revolutionary one-piece 
design. Twyford’s freestanding, all-china water 


Figure 33-9. The plunger was raised to flush this 
water closet. The water closet was refilled by opening 
a valve. 
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Figure 33-10. Bramah’s valve closet evolved into the 
pan closet. A—Valve closet. B—Pan closet. 


closet, known as the Unitas, was introduced in 
1885. It eliminated leaky joints and foul odors. 
At about the same time, Englishman John 
Ashley patented the long hopper bowl with a 
side inlet that was supposed to swirl the flush 
water around the bowl. 

The first American patent for a water closet 
was issued in 1833, but it was for a portable 
water closet, better known as a commode. In 
1857, Joseph Gayetty of New York introduced 
the first toilet tissue, called “therapeutic paper” 
because it contained aloe. In 1876, American 
William Smith patented the jet-siphon water 
closet. 

Englishman Thomas Crapper is sometimes 
credited with inventing the water closet 
because U.S. military personnel stationed in 
England during World War I were amused by 
the name Crapper that was prominently 
displayed on many of the fixtures. Thomas 
Crapper did not, however, invent the water 


closet. The closets that he sold were an 
improvement over previous versions. They 
included a valveless water waste preventer, a 
device that improved the flushing action and 
reduced consumption of water by automati- 
cally shutting off the water when the tank was 
full. The valveless water waste preventer was 
patented in 1898 by Albert Giblin, an employee 
of the Crapper Company. Thomas Crapper 
apparently purchased the patent rights from 
Giblin and manufactured the revised design 
under his own name. Crapper’s company was 
a very successful business; it installed the 
plumbing in Windsor Castle, Buckingham 
Palace, and Westminster Abbey. Crapper is 
credited with having the first plumbing show- 
room, complete with a large plate-glass display 
window. Victorian era ladies and gentlemen 
were shocked that toilets were displayed 
publicly. 

By the turn of the century, American 
J. Pickering Putnam introduced the Sanitas Jet 
Closet that operated with less noise than its 
Victorian “thunder-box” predecessors. In the 
early 1900s, Robert Frame and Charles Neff of 
Newport, Rhode Island, produced the proto- 
type of the siphonic wash-down closet. 
Approximately ten years later, Fred Adee 
improved that design to prevent overflow 
problems, stimulating the production of the 
siphonic closet in the U.S. In 1906, William E. 
Sloan applied for a patent for the flush valve, 
which made possible the tankless water closet 
used in most public restrooms. During the 
period 1900-1932, approximately 350 applica- 
tions related to toilet designs were received by 
the U.S. Patent Office. By the end of that 
period, the basic design for contemporary 
water closet (toilet) was established. The most 
recent refinements in the design of this fixture 
resulted from the need to conserve water. 


Valveless water waste preventer: A device that 
improved the flushing action of water closets and 
reduced consumption of water by automatically shut- 
ting off the water when the tank was full. 


Water heaters 


Edwin Ruud was an employee of the 
Westinghouse Corp. in Pittsburgh when he 
invented the automatic storage water heatere 
in 1889. Ruud bought all rights to his invention 
from Westinghouse for $125 and started the 
Ruud Manufacturing Co. In the late 1930s, the 
first automatic temperature and pressure relief 
valve was introduced by Watts Regulator Co. 
This invention made residential water heaters 
safer by eliminating explosions. 


Faucets and valves 


Compression-style valves and faucets 
began to be used in the late 1800s because they 
provided greater control of water flow and 
could withstand frequent use better than 
earlier devices. Compression valves and 
faucets remain in widespread use. 

Paul C. Symmons invented the first pres- 
sure-balancing shower valve in 1939. It used a 
hydraulic piston to equalize the pressure of hot 
and cold water entering the valve. Al Moen 
patented the first single-handle mixing faucete 
in 1942. Because manufacturing of consumer 
products was restricted during WWII, the 
faucet design was not introduced until 1947. It 
was marketed by Ravenna Metal Products Co. 
of Seattle, Washington. 

The ball-valve single-handle faucet was 
patented by Landis H. Perry in 1952. Patent 
rights were purchased by the Masco Corp- 
oration, which introduced the Delta™ single- 
handle faucet in 1954. 


Pipe and Fittings 


The earliest evidence of drain tile being 
used for plumbing has been found in 
Mesopotamia and is estimated to have been 


Terra cotta: Fired clay used in piping in about 
1700 BC. 
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made around 3000 BC. The tiles were made 
from clay mixed with short lengths of straw. 
Both brass and copper pipes» have been found 
in Egypt. They are believed to have been made 
around 2500 BC. The elaborate plumbing 
systems installed in the Palace of King Minos at 
Knossos about 1700 BC included 4” and 6” 
diameter terra cotta (fired clay) pipe. 

The Romans made extensive use of lead 
pipe for both water supply and drainage. The 
techniques they used to form sheet lead into 
a cylinder and solder the lap joint were 
still being used in the U.S. as late as the 
19th Century. 

Blacksmiths of the 13th Century were able 
to form sheets of iron into pipe and lap weld 
the seam in much the same way as the Romans 
made lead pipe. 

Boston set up the first waterworks in the 
U.S. in 1652 to supply water to some wharves 
and buildings for firefighting and domestic 
use. The pipes were made from wooden logs 
bored through the centere, Figure 33-11. The 
cone-shaped joint on the end was inserted into 
the next length of wooden pipe and caulked 
with tar or pitch. A length of this pipe, along 
with many other early American plumbing 
fixtures and tools, is on exhibit at the American 
Sanitary Plumbing Museum in Worcester, 


r ee. 

Figure 33-11. Many cities initially installed water 
pipes made from wood logs that were bored down 
the center. Log sections were up to 10’ in length, with 
tapered ends used to form joints. 
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Massachusetts. A later development was large- 
diameter wood pipes made using a technique 
similar to that employed in barrel making, 
Figure 33-12. 

It is unclear as to when iron pipe was 
first used for plumbing or when it was first 
galvanized (coated with zinc metal to prevent 
rust). A French chemist named Melouin is cred- 
ited with developing the process of galva- 
nizing iron in 1742. In 1836, a French patent 
was obtained by Sorel for a galvanizing process 
that required the iron to be washed with 
sulfuric acid and fluxed with ammonium chlo- 
ride before being dipped in molten zinc. 

The earliest known use of cast iron pipe is 
the water supply for a fountain constructed in 
Langensalza, Germany, about 1560. The first 
comprehensive water supply system was built 
in Versailles, France, in 1664 using cast iron 
pipe. In 1785, the English engineer Sir Thomas 
Simpson invented the bell and spigot joint. In 
1804, Philadelphia became the first U.S. city to 
select cast iron pipe for water mainse. The first 
cast iron pipe produced in the U.S. was manu- 
factured in Weymouth, New Jersey, in 1819 for 
installation in Philadelphia. Before that time, 
cast iron pipe and fittings had to be imported 
from Europe. During the 1880s and 1890s, 
foundries for the production of cast iron pipe 
and fittings were constructed in the South and 
Midwest, making cast iron pipe readily avail- 
able in these regions of the country. It was not 
until the early 1960s that the hubless cast iron 
pipe was brought to the U.S. from Europe by 
way of Canada. 


Figure 33-12. Large-diameter wood pipes were 
made with wedge-shaped lengths of wood held 
together by metal bands, much like a barrel. This 
example is displayed outdoors at a museum. 


In the U.S., limited use was made of copper 
pipe and fittings for water supply piping before 
the 1930s. Before this time, only heavy-walled 
copper pipe joined with threaded fittings was 
available. Because of its high cost, the use of 
these products was generally limited to public 
buildings. During the 1930s, light-gauge copper 
tube and fittingse were developed. This made 
copper economically feasible for both water 
supply and DWV piping in residential build- 
ings. In 1939, Robert M. Zell introduced the 
flexible copper water supply tube and the brass 
stope. This innovation made fixture installation 
much easier, because the connections from the 
stub-out to the fixture no longer had to be made 
with threaded pipe. Also, the stop was much 
smaller and less expensive than its predecessor, 
so it became possible to install stops at each 
fixture. By the 1940s, copper had become the 
predominant material for residential plumbing 
systems. In 1945, Zell founded the Brass-Craft 
Manufacturing Co. 

Polyvinyl chloride (PVC) plastic was 
produced experimentally during the 19th 
Century. It did not become practical to manu- 
facture until 1926, when Waldo Semon of 
B.F. Goodrich Co. developed a method to 
plasticize PVC, making it more flexible and 
easier to process. PVC pipe began to be manu- 
factured in the 1940s and was widely used for 
DWV in the reconstruction of both Germany 
and Japan following WWIL. 

In the 1950s, plastics manufacturers in both 
Western Europe and Japan began producing 
acrylonitrile butadiene styrene (ABS) pipe. 
John F. Long, an Arizona builder, constructed 
an experimental house using ABS for the 
drains in 1959. Twenty-five years later, the pipe 
was dug up and there was no evidence of dete- 
rioration. He was the first contractor known to 
install ABS in the U.S. The methods for 
producing cross-linked polyethylene (PEX) 
also were developed in the 1950s. The result 
was a product that is more resistance to 
temperature changes than other plastics used 
in plumbing. 


Galvanized: Pipes that are coated with zinc metal to 
prevent rust. 


Tools and Equipment 


Because the word plumb comes from Latin 
word plumbum for lead, it is believed that the 
Romans created the first plumb bob by 
replacing the stone that was previously used as 
the weight with a lead bob or plummet. 

The hammers or mallets used by Roman-era 
craftsmen to shape lead sheets into pipe were 
likely made from wood. American plumbers 
are known to have used a variety of tools when 
working with lead pipe. Lead pipe could be cut 
with a saw or a wheeled lead pipe cutter. 

Traditionally, cast iron pipe was cut with a 
sharp chisel and a hammer. Making a lead and 
oakum joint with bell and spigot cast iron pipe 
requires yarning irons and caulking irons to 
first pack the oakum in the joint and later 
compress the lead to form a tight seal, 
Figure 33-13. An asbestos band called a joint 
runner is used to hold the molten lead in hori- 
zontal joints until it cools. 

The first known description of a water level 
was recorded in 1629. The device consisted of a 
length of hose fitted at each end with a glass 
tube. The first recorded use of the spirit or 
bubble levele was in 1661. It consisted of a short 
length of curved glass tube that was sealed at 
both ends. The tube contained alcohol and an 
air bubble. During the mid 1800s, factory 
production methods reduced the cost of the 
level and increased its use. 

Solymon Merrick of Springfield, Massachusetts, 
acquired the first U.S. patent for a wrench in 
1835. Daniel C. Stillson was granted a U.S. 


Joint runner: An asbestos band used to hold molten 
lead in horizontal joints until it cools. 

Water level: First documented in 1629, this device 
consisted of a length of hose fitted at each end with a 
glass tube. 

Spirit or Bubble Level: In 1661, this device consisted of 
a short length of curved glass tube that was sealed at 
both ends and contained alcohol and an air bubble. 


Pipe wrench: Patented in 1870, it later became known 
as the Stillson wrench. 
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Figure 33-13. Yarning and caulking irons are used to 
create a tight bell and spigot joint in cast-iron pipe. 
First, a fibrous material called oakum is packed in 
place, as shown. Molten lead is then used to fill the 
joint. It is packed tightly with the caulking iron. 


patent for the first pipe wrenche in 1870. It 
became known as a “Stillson wrench.” This 
design is the basis for the contemporary pipe 
wrench, Figure 33-14. The adjustable wrench 


Figure 33-14. Daniel Stillson’s wrench design of 
more than a century ago was the basis for today’s 
pipe wrench. A—Conventional pipe wrench. B—Offset 
model for tight quarters. (The Ridge Tool Co.) 
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was invented around 1900 by Gunnard Oberg, 
who was employed by the Anderson Screw 
Products Company of Jamestown, New York. 
A visitor to the factory, Karl Peterson, 
purchased the prototype from Oberg, gave it 
the name Crescent™ wrench, and formed the 
Crescent Tool Company. The ratchet wrench 
was first patented in 1913 by Robert Owen, Jr. 

The first sewer-cleaning machinee was 
made from roller skate wheels, a %” cable, a % 
horsepower washing machine motor, and 
special blades to cut through roots. Samuel O. 
Blanc’s 1933 invention marked the first time 
drains could be cleared without digging them 
out of the ground. The device was named the 
Roto-Rooter™. Blanc sold machines for $250. 
Because jobs were hard to find during the 
Depression of the 1930s, a number of the 
machines were purchased by people who 
wanted to create their own businesses. 

Emmett Culligan did not build the first 
water softener, but he did devise an improved 
version. His business success was due to the 
fact that he marketed a water softening service, 
rather than selling water softeners. The units 
were leased to customers through Culligan™ 
franchised dealerships, beginning in Wheaton, 
Illinois, in 1938. 

The first compact trenchere, the Ditch 
Witch™, was developed by Ed Malzahn in 
1949 while working in his father’s machine 
shop in Perry, Oklahoma. In 1958, Cy and 
Louis Keller of Gwinner, North Dakota, built 
the Melroe Self-Propelled Loader to help a 
Minnesota farmer work in tight areas inside his 
turkey barns. Four-wheel drive was added a 
few years later and the name was changed to 
Bobcat™e. The compact trencher and the skid- 
loader have eliminated much of the pick-and- 
shovel work previously required to install pipe 
below ground. 

The first propane torch and fuel cylindere 
were developed in the 1950s by the 
BernzOmatic Company in Rochester, New 
York. This tool was widely adopted to install 
copper tube and fittings. 


Codes, Laws, 
Standards, and 


Organizations 


The New York Metropolitan Board of 
Health, established in 1866, published the 
Metropolitan Health Lawe in 1870 to promote 
sanitary plumbing in buildings. It was, at the 
time, the world’s most complete health legisla- 
tion. In 1881, New York State required the regis- 
tration of plumbers and local Board of Health 
supervision of new plumbing installations. 

Several organizations formed in the late 
1800se provided leadership for the develop- 
ment of plumbing in the U.S. Among them, the 
National Association of Master Plumbers (now 
the National Association of Plumbing, Heating, 
and Cooling Contractors) was formed in 1883. 
In 1888, the Master Steam and Hot Water 
Fitters Association (now the Mechanical 
Contractors Association of America) was 
formed. The United Association of Journeymen 
and Apprentices of the Plumbing and Pipe 
Fitting Industry of the United States and 
Canada was created the following year. 

The growth of industry created a need for 
standards that would regulate the quality of 
productse being produced by various manu- 
facturers. One of the oldest and best know of 
these organizations is ASTM International 
(formerly the American Society for Testing and 
Materials). The organization was formed in 
1898 at the University of Michigan to solve a 
problem with frequent breaks in railroad rails. 
It has grown to be an international organiza- 
tion that specializes in the development and 
maintenance of product standards for a wide 
variety of manufactured products, including 
many plumbing components. 


Roto-Rooter™: Invented in 1933, this sewer-cleaning 
machine allowed drains to be cleared without digging 
them out of the ground. 


The American National Standards Institute 
(ANSI) began in 1918 and has developed stan- 
dards for a variety of plumbing products. In 
1944, the National Sanitation Foundation was 
created to develop standards, provide product 
testing, and maintain certification programs for 
products related to public health. This includes 
a number of plumbing products. 

The control of plumbing installation in the 
U.S. is primarily a function of local govern- 
ments. They are responsible for developing / 
adopting and enforcing plumbing codes. 
However, the development of an adequate 
plumbing code is a difficult, time-consuming, 
and expensive task. Therefore, model codes 
have been developed by various groups and 
are available for adoption by local govern- 
ments. The so-called Hoover Code of 1928¢ 
was compiled under the leadership of then 
Secretary of Commerce, Herbert C. Hoover. 
The head of the plumbing division of the 
National Bureau of Standards, Dr. Roy B. 
Hunter, was responsible for the actual develop- 
ment of what became the nation’s first model 
plumbing code. Hunter continued his work 
and in 1940, published the BMS-66 Plumbing 
Manual, which became the basis of plumbing 
codes of that era. 

In addition to the Federal Government's 
efforts, several private organizations have 
developed model plumbing codes. For 
example, the Plumbing Inspectors Association 
of Southern California (now the International 
Association of Plumbing and Mechanical 
Officials) published the first edition of the 
Standard Plumbing Code in 1932. Later, they 
began publishing the Uniform Plumbing Code. 
Other organizations that have developed and 
maintained model codes in the U.S. include the 


National Plumbing Standard: Adopted in 1992, this 
standard established water efficiency regulations for 
plumbing fixtures sold in the U.S. 
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Building Officials and Code Administrators 
International (BOCA), the International Con- 
ference of Building Officials (ICBO), and the 
Southern Building Code Congress Inter- 
national (SBCCI). 

Beginning in 1971 with the Occupational 
Safety and Health Act (OSHA), the Federal 
Government has created several laws with a 
direct impact on plumbing. The purpose of 
OSHA is to save lives, prevent injuries, and 
protect the health of American workers. Since 
OSHA was implemented, workplace fatalities 
have been cut in half and work-related injuries 
and illnesses have declined by 40%. 

The Safe Drinking Water Act of 1974° was 
designed to protect the public health by regu- 
lating the public drinking water supply. The 
initial act focused on water treatment. Amend- 
ments in 1986 and 1996 mandated additional 
protection for water sources. This law applies 
to all public water systems serving 25 or 
more people. 

In 1990, the Americans with Disabilities 
Acte became law. The major implications of 
this act for plumbing are the requirements for 
making public facilities accessible to individ- 
uals with physical disabilities. In practice, the 
standards developed by this act are also being 
used in private residences where people with 
physical disabilities may live. 

The National Plumbing Standarde, adopted 
in 1992, established water efficiency regula- 
tions for plumbing fixtures sold in the U.S. 
Faucets and showerheads are required to use 
no more than 2.5 gallons of water per minute 
and toilets must flush with 1.6 or fewer gallons 
of water per flush. 

In 2000, the International Code Council 
published the International Residential Code 
2000 for One- and Two-Family Dwellingse. 
This model code is comprehensive, including 
all aspects of residential building construction. 
It was developed in cooperation with BOCA, 
ICBO, and SBCCI. It is anticipated that this 
code will be adopted throughout the U.S. and 
in many foreign countries. 
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Test Your Knowledge 


Write your answers on a separate sheet of paper. 
Do not write in this book. 


1. True or False? Early Christians considered 


bathing to be unsaintly. 


2. True or False? Dr. John Snow traced the cases 
of cholera in central London in the 1850s 


to rats. 


3. The registration of plumbers began in New 


York State in : 
A. 1681 
Brel 
C. 1881 
D. 1981 


4. Venting was first added to a New York City 


home’s plumbing system in 
A. 1874 
len Iyo 
C. 1847 
D. 1748 


5. The first flushing water closet was found in 


the Minoan Palace of Knossos in 
A. Greece 
B. France 


C.Beypt 
D. Crete 


6. The first aqueduct to bring water to the city 


of Rome was built about 
Aw7o5 BC 

B0B 

CSIBE 

D. None of the above is correct. 


7. True or False? The term plumber can be 
traced to the Roman term plumbarius, 


meaning “one who works with lead.” 


8. True or False? Outhouses gained acceptance 
in the U.S. during the early years of the 


19th Century. 


9. The first one-piece recessed bathtub was 


manufactured by Kohler in ; 
A. 1851 
B. 1811 
Coal 
D. 1911 


10. 


de 


12, 


Tei 


14. 


1S: 


16. 


In 1775, ____ of England patented the 
water closet that became the prototype for 
today’s toilets. 
A. Fred Adee 
B. Thomas Crapper 
C. John Harington 
D. Alexander Cummings 
The siphonic wash-down water closet 
developed in the early 1900s was the work 
of : 
A. Robert Frame 
B. Fred Adee 
C. Charles Neff 
D. All three were involved. 

was an employee of the 
Westinghouse Corp. in Pittsburgh when he 
invented the automatic storage water 
heater in 1889. 
A. A. O. Smith 
B. George Rheem 
C. Edwin Ruud 
D. Fred Rheem 
The first single-handle mixing faucet was 
patented by Al Moen in 
A. 1842 
B. 1942 
C1924 
D. 1964 
Boston installed the first waterworks in the 
U.S. in 1652. The pipes were made from 


A. terra cotta 

B. cast iron 

C. wood 

D. copper 

The first cast iron pipe produced in the U.S. 
was manufactured in 

A. New Jersey 

B. Philadelphia 

C. Boston 

D. New York City 

Light-gauge copper tube and fittings were 
developed during the : 

A. 1890s 

B. 1900s 

C. 19208 

D. 1930s 


T7 


18. 


ily 


20. 


The patent for the first pipe wrench was 
granted to in 1870. 
A. John Snow 


B. George Jennings 

C. Daniel C. Stillson 

D. Thomas Twyford 

A 1933 invention allowed drains to be 
cleared without digging them out of the 
ground. The device, named the Roto- 
Rooter, was invented by 

A. Samuel O. Blanc 

B. John Snow 

C. George Jennings 

D. Daniel C. Stillson 

The compact trencher developed by Ed 
Malzahn is now sold under the tradename 


A. Bobcat 

B. Ditch-Witch 

C. Caterpillar 

D. Trench-Hog 

Most of the work involved in the develop- 
ment of the Hoover Code of 1928 was done 
by 

. Herbert C. Hoover 

Dr. Roy B. Hunter 

Thomas Crapper 

. William E. Sloan 


Sa 
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Suggested Activities 


1. Interview an experienced plumber, plumb- 


ing contractor, plumbing supply company 
executive, plumbing union representative, 
plumbing inspector, water treatment plant 
manager, or sewage treatment plant mana- 
ger to learn about the development of 
plumbing in your community. 


. Select one of the major manufacturers of 


plumbing fixtures, valves, pipe, or fittings 
to research. Use the Internet or write to the 
company to obtain information about its 
history. 


. Check with the reference librarian at your 


local public library to locate information 
about development of plumbing in your 
community. 
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Dimensions and Tolerances (in inches) of Spigots 
and Barrels for “@ No-Hub®” Pipe and Fittings 


1.58 + .06 
2.00 + .06 
3.00 + .06 


7:90 +106 
2.31 + .06 
3.31 + .06 


196 + .06 
2.38 + .06 
3.38 + .06 


4 4.00 +.06 | 4.38+.06) 4.44 + .06 
5 4.94+ .09 | 5.30 +.06| 5.38 + .09 
6 5.94 + .09 | 6.30 + .06| 6.38 + .09 Í . 


Dimensions and Strength of Clay Pipe 


581 
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Useful Information 


Length Conversions 


English — Metric Conversion Factors 
Volume and Mass (Weight) 


Metric symbols used: 

cm? = cubic centimeters m°? = cubic meter 
g = gram mi = milliliter 
kg = kilogram t = tonne 
IIe = liter 
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Millimeter—Inch Equivalents 


me ae | 
015625 3969 , 
Loisz5 | 4 | 


046875 1.1906 _ 
0625} 1.58754 
|-078125 | 1.9844 | 
~ 207874 2.00 | 
ie an 00875. | 28818] 
losers. $ 2.7784! 
11811 _| 3.00 | 
125 aiz 
140625 _ 3.5719 | 
= 15625 3.9688 | 


w| 


171875 _ 4.3656 | 
Hers 4.7625 
19685 | 5.00 | 
— @ 20125. 5.1594 
(4) 21875 | 5.5563 

234375 ' 5.9531 | 


875 | 11.9063 
47244 | 12.00 

| -484375 | 12.3031 

@ Eno. | 41270. { 


| 13.00 


x @ 515625 | 13.0969 
%)———_.53125_| 13.4938, 
E o- | 546875 | 13.8907 
| 55118 | 14.00 __ 
| 5625 | 14.2875 
578125 | 14.6844 
| 59055 | 15.005 


S 


E ' .59375_ 15.0813 

(2) _ 609375 ; 15.4782 

Gy 625 ; 15.875 
z | 62992 16.00 _ 
. — 640625 | 16.2719 | 

as. 65625 16.6688 

sa 66929 | 17.00 
@ 71875. 17.0657 

@ A 2875 | 17.4625 
@ 703125 17.8594 

N | -70866 | 18.00 _ 

or e Am 


- 734375 | 18.6532 


23622 


6.00 


2500 _ 
— 265625. 


, 8,35. | 
6.7469 __ 
00%. | 


-r 


27559 


wo 
sle) 


= 
[31496 


28125 


7.1438 | 


296875 : 7.5406 | 


_£.9375 | 


| 8.00 | 


~ 328125 | 8.3344 | 


me ee Be 

35433 _ „9.00 _ _! 

= Q #1350875 £ 9:1281] 
ia - 1.375 4 952557] 
g 220625 | 9.9219 


|3937 |10.00 | 


40625. 


 @ as 


10.3188 | 
a 0.7156 | 


.4375 
.453125 


(43307 _|11.00_ | 


14.1125 | 
19.5094 | 


| -74803 119.00 

aa a rs 

= e E 765625 | 19.4469 

Ve 78125198488 
_7874__ 20.00 

@ -| 796875 | 20.2407 

@- ~~~ s125_| 20.6375 
82677 | 21.00 

k. | 828125 | 21.0344 

E m e a214 

"5 ~~ 859975 | 21.8282 


.86614 | 22.00 
(IN e 
a -~i 890625 | 22.6219 
e 90551 23.00 
y ~- 90625 23.0188 


“+ 92875 |.23.4157 
™ 9875 |.23:6125 
| 94488 | 24.00 


ai, | 953125 24.2094 
(Spy 96875 __| 24.6063 
ies | 98425 | 25.00 
~. .984375 | 25.0032 
a - 1.0000 . 25.4000 
an ees | 
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— F 
y 2 = S p 
y y 
R VOOGU UUA E =i 


iG} pe-a 
aa 2 oe. ae Sa 


— —»|—~« Laying length 
(Telescoping length) 


Dimensions of Hubs, Spigots, and Barrels for 
Extra-Heavy Cast Iron Soil Pipe and Fittings 


(Inches) (Inches) 


(Inches) — 


2 3.06 2.75 2.38 
3 4.19 3.88 3.50 
| 4 5.19 4.88 4.50 
5 6.19 5.88 5.50 25 
l 6 7.19 | 6.88 6.50 .25 
8 9.50 9.00 8.62 31 
| 10 11.62 11.13 10.75 .37 
| 13.75 13.13 12.75 ‘37 


17.00 16.25 15.88 


(Inches) (Inches) (inches) (Inches) (Inches) (Inches) (Inches) (inches) 
2 0.18 0.37 i 0.75 0.69 0.28 0.10 0.13 
3 25 43 ; si H 75 728 10 13 
4 25 43 i 88 f 81 28 10 ike) 
5 H 25 æ | 88 81 28 10 13 
6 25 43 88 .81 .28 10 18 
| 8 : 1.19 1.12 .38 15 19 
| 10 1.19 t42 .38 15 19 
| 2 1.44 1.38 47 15 19 
15 1.44 1.38 .47 15 19 


(Cast Iron Soil Pipe Institute) 


Cast lron Soil Pipe Institute) 
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Dimensions of Hubs, Spigots, and Barrels for 
Service Cast Iron Soil Pipe and Fittings 


(Inches) (Inches) (Inches) (inches) 


2.30 
3.30 
4.30 


5.30 
6.30 
8.38 


10.50 
12.50 
15.62 


2.50 
29 
3.00 


3.00 


ann AUN 


(Cast Iron Soil Pipe Institute) 


r (Inches) (Inches) (Inches) 


(inches) (Inches) (Inches) 


0.13 
16 10 
16 10 


16 
18 10 
19 15 


eae 
oO 


27 15 
7 15 


.30 


(Inches) | 


0.13 


13 


19 
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Dimensions of Copper Pipe and Tube 


a al a 


SRE rte e is e e e a? 


(Plastic Pipe Institute) 
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Fixtures, Appliances, and Mechanical Equipment Symbols 


l “ i‘ eee o> eer m os praj anam s ee G ae 
2 i! L o Vent | ie 4 Seere 
Z Rene ST stack Par Cy ai 
i ; an i T A 

M J Wall urinals Stall urinals 
Flush valve Tank-type 


water closet 


water closets 


i. ee = 
: 
m a a lt e] 
E DE DE ou —" 
Pedestal Wall-mounted Laundry tray 
drinking drinking 
fountain fountain ae re | 
aN ZN | 
X4 Dy Duw 
Sump Grease and oil Dry well 
pit separators Dishwasher 
| \| 
: E 
H n 
i — - { 
E S 
ba 
: 2 Built-in 
Corner tub RET 
anD amaaan Wa S a i keeg Y > y Cold water line 
gras Te eS (wn ) (ws) | 
r : | —, Me Sf See a E S 
SE Hot water line ee 
Heating 
Built-in Wall Dental Waiter Water unit 
lavatory lavatory lavatory heater softener 
i ho 
en i ae | 1 h — 
l mwa } Hose bib Radiator Convector 
< 
lain — < — e 
l 5 Gas line E Supply air duct 
Kitchen Built-in Refrigerator Floor 
sink refrigerator (free-standing) Ae [LJ 
Return air duct 
ne meani me eS) | eee 
| =. Baas ee 
<a ot Tī — eens) | <li 
E 15 bos, ry f | 
p ae j f ype S| i || V 
a © O | ) laprana i o Fi | | Vacuum 
inae —- coed Leen A outlet 
Built-in Built-in 
cooking top oven Range Washer Dryer 
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Pipe and Fitting Symbols 
Piping Symbols for Heating 


Piping Symbols for Plumbing 


ao À ee, 


Fitting 


or valve Screwed 


Elbow—90° 


Elbow—45° 


Elbow— 
turned up 


Elbow— 
turned down 
Elbow— 
long radius 


Elbow with 
side inlet— 
outlet down 


Elbow with 
side inlet— 
outlet up 


Reducing 
elbow 


Sanitary T 


T 


T—outlet up 


Drain or waste 
above ground 


Drain or waste 
below ground 


Vent 


- Storm drain 


Cold water 


Soft cold water 


Hot water 


- Sprinkler main 


Sprinkler branch 
and head 


Gas 


Compressed air 


Vacuum 


= Sewer—cast iron 


~ Sewer—clay tile 


Sewer—plastic 


Type of connection 


Bell and Soldered or 


cemented 


High-pressure steam 


Medium-pressure steam 


Low-pressure steam 
Fuel oil supply 


Hot water heating supply 


Hot water heating return 


Piping Symbols for Air Conditioning 


Fitting 


or valve Screwed 


Refrigerant liquid 


Refrigerant discharge 
Condenser water supply 
Condenser water return 
Chilled water supply 
Chilled water return 


Make-up water 


Humidification line 


Type of connection 
Bell and 
| spigot 


spigot 


T—outl 
down 


Cross 


Reducer— 


concen 


Reducer— 


offset 


Connector 


Y or Wye 


Valve—gate 


Valve—globe 


Union 


et so 


tric 


Bushing 


Increaser 


Soldered or 
cemented 
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Pressure Loss and Velocity Relationships for Water Flowing in Copper Tube 


80 100 300 500 700 900 2000 4000 6000 8000 
100 L 2 304567118910, 20 30 40 50 ae 70 | 90 200 + 400 | 600 | 800/1000 3000 5000 {7000 | 9000 
ARA i ga a 
H f g A /} H yt fiw" cA 
% a | I Yar z 
y Y / 


Pressure drop per 100 feet of tube (pounds per square inch) 


bebe?) 8 910 20 30 40 50 60 70! 90 200 400 600 80011000 3000 5000 17000 t9000 
80 100 300 500 700 900 2000 4000 6000 8000 


Water flow rate (gallons per minute) 
Note: Fiuid velocities in excess of 5 ft/sec. are not usually recommended. 


(Copper Development Assoc. Inc.) 
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Flow of Water in Copper Water Tube 


OCOBNADARON= 


"Suitable allowances should made for fittings, etc. 
“To convert pressure loss figures in table to feet, multiply by 2.31. 
(Copper Development Assoc. Inc.) 


~~ 
— 
Q 
2 
= 
v 
a 
> 
v 
Q 
— 
oO 
D 
2 
cv 
[s$] 
w 
L 
— 
= 
~ 
= 


Useful Information 595 


Head Loss for Standard Galvanized Pipe 
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Flow Capacity of Cast Iron Soil Pipe for Sewers under Pressure, 
Based on the Williams-Hazen Formula 
(2 and 3 inch diameter pipe) 


| seco | 61 
| 14,400 | 1.02 
| 28,800 | 2.04 
| 36,000 | 2.55 
l 43,200 3.06 
l 50,400 | 3.57 
| 57,600 | 4.08 

72,000 | 5.14 
| 86,400 | 6.13 
t 100,800 7.15 
| 408,000 | 7.66 
| 115,200 | 8.17 

129,600 | 9.19 


144,000 10.21 
| 172,800 | 12.25 


diameter from 1 inch to about 15 feet. They developed the following formula: V = Cr °® s °* 0.001 °° where V is 
the velocity of the fluid, C is the factor proportional to the surface condition of the inside of the pipe, ris the 
hydraulic radius, and s is the quantity h representing the head lost per foot of pipe. The smoother the surface of 
the pipe, the larger the value of C and the greater the carrying capacity of the pipe. 


Allowance for Friction Loss in Copper Valves 
and Fittings Expressed as Equivalent Length of Tube 


For threaded fittings, double the allowances shown in the table. 
(Copper Development Assoc. Inc.) 
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Flow Capacity of Cast iron Soil Pipe for Sewers under Pressure, 
Based on the Williams-Hazen Formula 
(4 and 6 inch diameter pipe) 


30,000 53 36 41 67 | 
40,000 mo T e 70 1.13 | 
50,000 89 92 Tf aN .39 13 15 24 
60,000 1.07 1.29 147} 2.40 A7 18 20 | 33 | 
70,000 1.24 ime | 186 — 3.20 55 24 27 | 44 
80,000 tam TAA 2.52 4.10 63 30 35 | 57 
90,000 mo 272 3.12 5.04 | 71 38 43 | 71 
100,000 we IF S0 3.81 6.19 79 46 53 | 86 
110,000 1.95 3.95 4.55 7.40 87 55 63 1.03 
120,000 2.13 4.63 5.17 8.65 95 | 65 IPE 124 
140,000 2.49 6.20 7.10 11.60 1.10 | 87 99 | 1.62 
160,000 2.84 7.90 9.10 14.70 126 WR) 110 126 | 206 
180,000 3.19 9.80 | 11.30 18.30 1.42 1.37 157 | 2.56 
200,000 3.56 12.00 13.80 22.20 1.58 1.67 1.91 f 3.10 § 
220,000 3.91 14.20 16.40 26.70 1.73 1.99 2.29 | 371 
240,000 4.27 | 16.70 | 19.30 31.20 1.89 2.33 2.69 ; 4.35 
260,000 4.63 19.4 22.40 36.10 | 205 (Ii P27 3.10 | 5.00 
280,000 | 499 | 253 | 29.10 47.10 | 221 | ees 358 | 5.80 
300,000 7A2 43.2 49.50 236 | 3.54 4.06 | 6.60 
400,000 3.15 6.00 | 690 ; 11.30 
500,000 3.94 9.10 10.40 ; 16.90 
600,000 4.73 12.80 14.60 : 23.80 
700,000 5.52 17.00 19.50 ' 31.60 
800,000 6.30 21.60 24.90 » 40.40 | 
900,000 7.09 26.90 30.90 į 50.00 


1,000,000 7.88 32.90 37.80 . 61.00 


(Cast lron Soil Pipe Institute) 


Allowance in Equivalent Length of Galvanized Pipe for 
Friction Loss in Valves and Threaded Fittings 


0 
1 
1 
1 


Rion 


i 


DPN 


| 


I POON 


(Environmental Protection Agency) 
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| Bacteria (pathogenic) 


| Sam a 
Protozoa parasites 


i 
i 
i 
t 
i 
3 


Viruses 


| Inorganic chemicals 


| Organic chemicals 


Gases 


Other water problems 


Water Contaminants and Treatments 


Chlorination, pasteurization, and ultravoilet 
radiation 
Reverse osmosis 


Cholera, typhoid, dysentery, giardiasis, etc. 


~~ 


Chlorination, or superchlorination plus filtration | 
Reverse osmosis 


Polio, gastroenteritis, hepatitis, meningitis, etc. Chlorination, or superchiorination plus filtration 
‘Reverse osmosis 


ia lamblia, etc. 


Arsenic, asbestos, barium, cadmium, Reverse osmosis or distillation 
chromium, copper, leadt, mercury, nitrates, 
selenium, sulfates, fluoride, nickel, sodium, 


zinc, etc. 


Benzene, carbon tetrachloride, chloroform, 
PCBs, pesticides, toluene, vinyl chloride, etc. 


Activated charcoal filter, aeration 
| Activated charcoal filter, aeration 

Activated charcoal filter, oxidizing filter, or 
chlorination plus filter 


Radon 
Methane 
Sulphur dioxide 


Iron oxide Chlorination plus filter 
Calcium Water softener, reverse osmosis 
Magnesium Water softener, reverse osmosis 
Turbidity Filter, reverse osmosis 
pH 
Acid Calcite filter, add soda ash or caustic soda* 
Alkaline Add sulfuric acid in extreme cases* 
Sediment Sediment filter 


tA special cartridge filter is available to remove lead. 
“Wear goggles and gloves, pour acid slowly into water, use extreme caution. 


Fitting Allowances 
(in inches) 


Useful Web Sites 


The following list contains the addresses of various Web sites that can be used to obtain 
additional information on the topics presented in this textbook. 


Chapter #/Name 
1. Safety 


2. Plumbing Tools 


3. Leveling Instruments 


4, Mathematics for 
Plumbers 


5. Hydraulics and 
Pneumatics 


6. Print Reading and 
Sketching 


7. Rigging and Hoisting 


8. Building and 
Plumbing Codes 


Company/Organization 


Occupational Safety and 
Health Administration 
(US Department of 
Labor) 

National Institute for 


Occupational Safety and 


Health 
National Fire Protection 
Association 


Cooper Tools 

Porter Cable 

Reed Manufacturing 
Ridge Tool Company 
Bosch Tools 

Werner Ladders 
Wheeler-Rex 


CST/Berger 
David White Instruments 


Lehigh Cordage 
Werner Ladders 
Cooper Tools 


American National 
Standards Institute 
(ANSI) 

American Society of 
Sanitary Engineering 

ASTM International 

International Code 
Council (includes 
BOCA, ICBO and 
SBCCI) 
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Web site address 


www.0osha.gov 


www.cdc.gov /niosh/homepage.html 


www.nfpa.org 


www.coopertools.com 
www.porter-cable.com 
www.reedmfgco.com 
www.ridgid.com 
www.boschtools.com 
www.wernerladder.com 
www.wheelerrex.com 


www.cstsurvey.com 
www.davidwhite.com 


www.lehighgroup.com 
www.wernerladder.com 
www.coopertools.com 


www.ansi.org 
www.asse-plumbing.org 


www.astm.org 
www.iccsafe.org 


(continued) 
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Chapter #/Name 


9. Soldering, Brazing, 
and Welding 


10. Excavating 


11. Water Supply Systems 


12. Water Treatment 


13. Plumbing Fixtures 


Company/Organization 


Department of Energy 
Office of Codes and 
Standards 

Department of Energy 
Building Standards and 
Guidelines 

National Institute of 
Standards & Technology 
(NIST) 


Weller Soldering 

Bernzomatic 

Oatey 

Ridge Tool Company 

Imperial Eastman 
Corporation 

Mill-Rose Company 


Ditch Witch 

John Deere 

Caterpillar 

Bobcat 

Speed Shore Corporation 

Ridge Tool Company 

Sullair Corporation 

Makita 

Allied Construction 
Products 

Seymour (hand 
excavating) 

Union Tools 


American Water Works 
Assoc. 

NSF International 

Water Quality Association 

Weil Pump Company, Inc. 


National Sanitation 
Foundation 

Norwalk Wastewater 
Equipment Company 
(NORWECO) 


American Standard 

Chicago Faucets 

Delta Faucet Company 

Eljer 

Elkay Manufacturing 
Company 


Web site address 


www.doe.gov 


www.eenergy.gov 


www.nist.gov 


www.cooperhandtools.com 
www.bernzomatic.com 
www.oatey.com 
www.ridgid.com 
www.imperialeastman.com 


www.cleanfit.com 


www.ditchwitch.com 
www.deere.com 
www.caterpillar.com 
www.bobcat.com 
www.speedshore.com 
www.ridgid.com 
www-.sullair.com 
www.makita.com 
www.alliedcp.com 


www.seymourmfg.com 


www.uniontools.com 


WWW.awwa.org 


www.nsf.org 
www.wqa.org 
www.weilpump.com 


www.nsf.org 
www.norweco.com 


www.americanstandard.com 
www.chicagofaucets.com 
www.deltafaucet.com 
www.eljer.com 
wwweelkay.com 


(continued) 


Chapter #/Name 


14. Piping Materials and 
Fittings 


15. Valves and Meters 


16. Water Heaters 


17. Designing Plumbing 
Systems 


Company/Organization 


Grohe Water Technology 
Hansgrohe, Inc. 

Haws Corporation 
Jacuzzi 

Kohler Company 

Moen Incorporated 
Price Pfister 


Manufacturers Standardiz- 
ation Society of the 
Valve & Fitting Industry 

National Sanitation 
Foundation 

Plastic Pipe and Fittings 
Association 

T&S Brass & Bronze 
Works, Inc. 

NIBCO 

United States Plastic 
Corporation 

Cast Iron Soil Pipe 
Institute (CISPI) 

Parker Hannifen 


Manufacturers Standardiz- 
ation Society of the 
Valve & Fitting Industry 

Sloan Valve Company 

Symmons Industries 

BadgerMeter, Inc. 

Fluidmaster 

Red-White Valve 
Corporation 

Watts Regulator Company 

Valve Manufacturers 
Association of America 


A.O. Smith Water 
Products Company 

Bradford White 
Corporation 

American Water Heater 

Department of Energy 
(Selecting New Water 
Heater) 


American Disabilities Act 


Useful Information 


Web site address 


www.grohe.com 
www.hansgrohe-usa.com 
www.hawsco.com 
www.jacuzzi.com 
www.kohler.com 
www.moen.com 
www.pricepfister.com 


www.mss-hq.com 


www.nsf.org 
www.ppfahome.org 
www.tsbrass.com 


www.nibco.com 
www.usplastic.com 


www.cispi.org 


www.parker.com 


www.mss-hq.com 


www.sloanvalve.com 
www.symmons.com 
www.badgermeter.com 
www.fluidmaster.com 


www.redwhitevalveusa.com 


www.wattsreg.com 
www.vina.org 


www.hotwater.com 


www.bradfordwhite.com 


www.americanwaterheater.com 


www.eren.doe.gov 


www.ada.gov 
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(continued) 
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Chapter #/Name 


18. Preparing for 
Plumbing System 
Installation 


19. DWV Pipe and Fitting 
Installation 


20. Installing Water 
Supply Piping 


21. Supporting and Testing 
Pipe 
22. Installing Fixtures, 


Faucets, and 
Appliances 


23. Septic Systems 


24. Storm Water and 
Sumps 


25. Installing HVAC 
Systems 


26. Swimming Pools, Hot 
Tubs, and Spas 


Company/Organization 


Cooper Tools (measuring) 


Ridge Tool Company 

Copper Development 
Association 

Cooper Tools 

Makita 

Black and Decker 


Ridge Tool Company 

Copper Development 
Association 

Cooper Tools 

Makita 

Black and Decker 


Milwaukee Tool Company 
ITW Ramset/Red Head 


American Standard 
Delta Faucet Company 
Grohe 

Jacuzzi 

Kohler 


Hancor 

Infiltrator Systems, Inc. 

Friendly Plumber 
(Plumbing 101) 

Multi-Flo Water Treatment 
Systems (Consolidated 
Treatment Systems) 

A.K. Industries, Inc. 


Goulds Pumps 
Weil Pump Company, Inc. 


American Society of 
Heating, Refrigerating 
and Air-Conditioning 
Engineers 

Carrier 

Trane 


Josam 

Hallmark Pool 
Corporation 

International Code 
Council 


Web site address 


www.coopertools.com 


www.ridgid.com 
www.cda.org 


www.coopertools.com 
www.makita.com 
www.blackanddecker.com 


www.ridgid.com 
www.cda.org 


www.coopertools.com 
www.makita.com 
www.blackanddecker.com 


www.milwaukeetool.com 
www.ramset-redhead.com 


www.americanstandard.com 
www.deltafaucet.com 
www.grohe.com 
WWW.jacuZZi.com 
www.kohler.com 


www.hancor.com 
www. infiltratorsystems.com 
www.friendlyplumber.com 


www.multiflo.com 


www.akindustries.com 


www.goulds.com 
www.weilpump.com 


www.ashrae.org 


WwWW.Ccarrier.com 
www.trane.com 


www,josam.com 
www.hallmarkpools.com 


www.iccsafe.org 


(continued) 


Chapter #/Name 
27. Irrigation Systems 


28. Repairing DWV 
Systems 


29. Repairing Water 
Supply Systems 


30. Plumbing Remodeling 


31. Job Organization 


32. Plumbing Career 
Opportunities 


Company/Organization 


American Water Works 
Association 

Rainbird 

Wade Rain 

Weather-Matic 

Ditch Witch (Charles 
Machine Works) 

Toro 


Plumb Shop 

Ridge Tool Company 

General Wire Spring 
Company 

Kohler 

General Pipe Cleaners 


Fluidmaster 

Sexauer Online 
Plumb Shop 

Ridge Tool Company 
Wrap-On 

Emerson Electric 
Sloan Valve 


National Association of 
the Remodeling 
Industry 


Insight Direct (scheduling 
software) 


American Fire Sprinkler 
Association 
American Society of 
Sanitary Engineers 
Bureau of Labor Statistics 
Homebuilders Institute 
Mechanical Contractors 
Association of 
America 
National Association of 
Homebuilders 
National Association of 
Plumbing-Heating- 
Cooling Contractors 
National Fire Sprinkler 
Association 
Occupational Outlook 
Handbook 
Pipe Trades Association 
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Web site address 
www.awwa.org 

www .rainbird.com 
Wwww.waderain.com 
www.weathermatic.com 
www.ditchwitch.com 
www.toro.com 


www.plumbshop.com 
www.ridgid.com 
www.generalwirespring.com 


www.kohler.com 
www.generalpipecleaners.com 


www.fluidmaster.com 
www.sexauer.com 
www.plumbshop.com 
www.ridgid.com 
www.wrapon.com 
www.emersonelectric.com 
www.sloanvalve.com 


www.nari.org 


www. insightdirect.com 


www-.firesprinkler.org 
www.asse-plumbing.org 
www.bls.gov 
www.hbi.org 
www.mcaa.org 


www.nahb.org 


www.phccweb.org 


www.nfsa.org 
www.bls.gov /oco 


www.pipeta.org 


(continued) 
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Chapter #/Name 


33. Plumbing History 


Additional Sites of Interest 


Company/Organization 


United Association of 
Journeymen and 
Apprentices of the 
Plumbing, Pipefitting, 
Sprinkler Fitting 
Industry of the United 
States and Canada 

US Census Bureau- 
Construction Statistics 


theplumber.com (ancient 
plumbing history, 
inventions, health 
issues, American 
plumbing,) 

History of Plumbing 

History of Public Toilets 

Cast Iron Soil Pipe 
Institute (CISPI) 

What You Need to Know 
about Inventors 

Plumbing fixtures, inven- 
tions, innovations, 
company develop- 
MEMEC 


PlumbingLinks.com (links 
to associations, manu- 
facturers and 
Wholesalers publica- 
tions, resources, etc.) 

PlumbNet (links to 
associations, councils, 
institutes) 

PlumbingNet (links 
to plumbing 
manufacturers) 

PlumbingWeb (links) 

Plumbing Manufacturers 
Institute (industry 
links) 

PlumbingSupply.com 
(supplies online) 

Plumbing Warehouse.com 
(supplies online) 


Web site address 


www.ua.Org 


www.theplumber.com 


www.pmengineer.com 
www.plumbingworld.com 
www.cispi.org 


www.inventors.about.com 


see individual company 
Web sites 


www.plumbinglinks.com 


www.plumbingnet.com 


www.plumbingweb.com 
www.pmihome.org 


www.plumbingsupply.com 


www.plumbingwarehouse.com 


(continued) 
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Company/Organization 


theplumber.com (general 
plumbing informa- 
tion, history, FAQ’s, 
articles, repair hand- 
book, advice and 
discussion site) 
Plbg.com (education 
and information shar- 
ing site) 
Homebuilding 
information 
Plumbing /HVAC 
information 
Kitchen/bath information 


Useful Information 


Web site address 


www.theplumber.com 


www.plbg.com 


www.homebuilding.com 
www.plumbinghvac.com 


www.kbsource.com 
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Glossary 


A 


Abrasive: Any material that erodes another material 
by rubbing. Commonly used abrasives include alu- 
minum oxide, silicon carbide, and garnet. 


Absolute pressure: The pressure measured by a gauge 
plus a correction for the effect of air pressure on the 
gauge (14.7 psi at sea level). 


Acrylonitrile butadiene styrene (ABS): Type of pipe 
and fittings used primarily for drain, waste, and vent 
applications. 

Activated carbon (charcoal) filter: Cartridge filters 
that are used to remove organic chemicals, chlorine, 
and gases, improving the taste of water. 

Adapters: Types of fittings that are used to connect 
DWV piping system to other types of DWV piping 
materials and fixture traps, or to convert a fitting socket 
to a cleanout. 

Adjustable wrench: Wrench with one adjustable jaw 
that moves at an angle to the handle. Available in 
lengths from 4” to 24”, each of which will adjust to fit 
a range of hex or square bolt heads or nuts. 

Aerator: Device that adds air to water; fills flowing 
water with bubbles. 


Aerobic: A chemical process that requires oxygen. 
AGA: American Gas Association. 


Air chambers: Devices that provide a cushion of air 
that can be compressed to absorb the energy that 
could otherwise cause water hammer. 

Air conditioning: Any system that controls three or 
more of the environmental factors that contribute to 
human comfort. 


Air gap: The vertical distance from the top of the flood 
rim (highest point water can reach within a fixture) to 
the faucet or spout that supplies fresh water to the fix- 
ture. Designed to prevent backflow. 


Air lock: Air trapped within a pipe that restricts or 
blocks the flow of liquid through the pipe. 


Air vents: Vents that allow any air that enters the sys- 
tem to escape at high points in the piping. 

American hemp rope: A rope that is similar to Manila 
rope in appearance and about 80% as strong as No. 1 
manila rope. 


Americans with Disabilities Act (ADA) of 1990: Law 
mandating that places of employment and structures 
used by the general public be constructed with rest- 
rooms that are accessible to physically handicapped 
individuals. 


Anaerobic: A chemical process that takes place with- 
out the presence of oxygen (air). 

Anaerobic bacteria: Bacteria that live and work in the 
absence of free oxygen (air). 

Anchor points: Mounting points for lanyards and 
lifelines. 


Angle meter valve: A valve installed near the point 
where the water supply line enters the building so that 
a water meter can be attached. 


Antihammer device: An air chamber such as a closed 
length of pipe or a coil that is designed to absorb the 
shock caused by a rapidly closed valve. 


Apprentice plumbers: Stage lasting generally five 
years for people who are learning the plumbing craft. 


Aquifer: The water-filled area below the water table. 
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Area drain: Any drain installed in a low area to collect 
rain water and channel it to the normal storm water 
drainage. 

Articulated ladders: Ladders that have hinged joints, 
enabling them to be used in a variety of configurations. 


Asbestos: Material that causes disease called asbesto- 
sis, lung cancer, or cancer of the esophagus, stomach, 
colon, and other organs. 

Asbestos joint runner: A tool made of an asbestos rope 
and a clamp. Used to hold molten lead in the bell of a 
cast pipe until it has cooled. 

ASHRAE:; American Society of Heating, Refrigeration, 
and Air Conditioning Engineers. 

ASTM: American Society for Testing and Materials. 
Aviation snips: Tool used for cutting sheet metal. 


AWWA: American Water Works Association. 


B 


B & S: Abbreviation for bell and spigot. 


Backfill: Material—usually earth, sand, or gravel— 
used to fill an excavated trench. 


Backflow: The flow of liquids (possibly contaminated) 
into the water supply piping. This is most likely to 
happen when water pressure drops in the water sup- 
ply piping. 

Backflow connection: Any arrangement of pipe, fix- 
tures, or accessories that can cause backflow to occur. 


Back pressure: Compressing of trapped air in plumb- 
ing systems, which resists the flow of waste through 
the DWV piping. 

Back saw: A saw specially designed for cutting plastics. 
Back siphonage: See Backflow. 


Back vent: A branch vent connected to the main vent 
stack and extending to a location near a fixture trap. 
Its purpose is to prevent the trap from siphoning. 


Back water valves: A type of check valve designed 
especially for installation in the DWV piping system. 


Backwashing: The process of running water through 
the filter in the direction opposite that which it runs 
during normal operation in order to clean the filter 
medium by flushing out the trapped contaminants. 


Ball cock: A valve or faucet controlled by a change in 
the water level; generally consists of a device floating 
near the surface of the water to operate the valve. 


Ball peen hammer: A hammer designed to work with 
metal; it is often used to drive a cold chisel or a punch. 


Ball valves: Valves that open and close with just one- 
quarter turn and provide very little resistance to flow. 


Base plate: Foundation on which the builder’s level is 
mounted. 

Basic skills: Reading, writing, mathematics, listening, 
and speaking skills, which are essential for success in 
the workplace. 


Basin wrench: Tool with a swiveling jaw used to 
install or remove nuts in hard-to-reach places. 


Basket: A recessed strainer fitted into the drain open- 
ing of a sink. 

Bathing load: The maximum number of people who 
will use a pool, hot tub, or spa per hour. 


Batter boards: A simple frame consisting of two hori- 
zontal boards meeting at right angles and supported 
by stakes; used to lay out the foundation of a building. 
One set of batter boards is located at each corner of a 
foundation. 

Bearing partition: An interior wall of a building that 
carries the load of the structure above, as well as its 
own weight. 


Bell or hub: The enlarged end of some types of pipe 
that fits over the next pipe section. 

Bell tile: Clay pipe sections with one end enlarged to 
join with the next pipe section. 

Bench vise: A metalworking vise with two jaws to 
hold objects; designed to be mounted to the top of a 
workbench. 

Benchmark: A fixed location of known elevation from 
which land measurements can be made. 

Bend: A change of direction in piping. 

Bending pin: A tool used to straighten or stretch lead 
pipe. 

Bibb: Another name for faucet. 

Bidet: A plumbing fixture designed to facilitate wash- 
ing the perineal area of the body. 

Bitumen: A natural type of asphalt used to make clay 
floors waterproof in about 3000 BC. 

Black plague: Disease connected to the lack of sanitary 
waste disposal, resulting in the deaths of 25 million 
people in Europe in the mid 1300s. 

Blind vent: An illegal vent that stops in a wall, thus 
giving the appearance of a vent but not actually func- 
tioning as a vent. 

Bloodborne pathogens: Diseases that can be trans- 
mitted on the job through blood or body fluids, 
including hepatitis B virus (HBV) and human immuno- 
deficiency virus (HIV). 

Blowoff: The controlled discharge of excess pressure. 


Blueprints: A print made with a process that produced 
white lines on a blue background. 


BOCA: Building Officials Conference of America. 


Bonnet: The upper portion of the gate valve body into 
which the disk of a gate valve rises when it is opened. 


Box nail: A nail with a head and shaft similar to a com- 
mon nail except that it is thinner and less likely to split 
a board. 


Bracket hanger: Hanger supporting a wall-hung sink. 
Branch: Any additions to the main pipe in a piping 
system. 

Branch interval: The vertical distance between the 


connections of branch pipes on the main DWV stack. 
Generally, an 8” minimum is required. 


Branch vent: A vent that connects a branch of the 
drainage piping to the main vent stack. 


Braze: Means of joining metal with an alloy having a 
melting point higher than common solder but lower 
than the metal being brazed. 


Bridging: Pieces of wood or metal installed on a diag- 
onal between floor joists. Bridging distributes the load 
on the floor to more than one joist. 


British thermal unit (Btu): A unit for measuring heat. 


Builder's level: Tool that mounts on a tripod and is 
used to check level and measure angles on the hori- 
zontal plane. Also called surveyor’s level. 


Building codes: Laws that control the quality of mate- 
rials used, the structural system load capacity support 
requirements, the number and type of exits required, 
and the quality of work required. 


Building drain: The drainage pipe connecting the soil 
stack to the sewer or septic tank. 


Building drainage system: The complete system of 
pipes installed for the purpose of carrying away 
wastewater and sewage. 


Building lines: The outside of the building foundation. 
Building main: Water supply piping beginning at the 
source of supply and ending at the first branch inside 
the building. 


Building sewer: See Building drain. 


Building storm drain: Drainage piping that connects 
the storm sewer to a drainage system that collects 
rainwater, groundwater, and surface runoff. 


Building trap: A trap placed in the building drain to 
prevent the entry of sewer gases from the sewer main. 


Burr: A sharp, roughened, in-turned edge on a piece of 
pipe that has been cut but not reamed. 


Bushing: Used to reduce the size of sockets or fittings. 
It is used to connect pipes of different sizes. 
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C 


C: Symbol for Celsius, the SI metric temperature scale. 
Capacity: The amount of water a tub or pool holds. 


Capillary action: Water leaking through fibers of a 
foreign material, causing water loss in a trap. 


Capillary attraction: The tendency of a liquid to be 
drawn to the surface of solids in a “soaking” or 
“spreading” action. 


Caps: Fittings used to close the ends of pipes. 


Carpenter’s hammer: Tool used to drive or pull nails 
and to tap a wood chisel. 


Cast iron (CI): A material used in manufacture of soil 
pipe. 

Cast iron pipe: Any pipe made from cast iron. The 
rotational casting process is used. 


Caulk: Material used to seal joints in cast iron 
drainage pipe. 

Caulking: A method of making a bell and spigot pipe 
joint watertight by packing it with oakum, lead, 
and/or other material. 


Caulking anchors: Anchors that provide a fastener 
that is permanently attached to the concrete or masonry. 


Caulking recess: Space between the inside of the hub 
(bell) of one piece of pipe and the spigot of the pipe 
length to which it is joined. This space is filled with 
caulking to seal the joint. 


Ceiling joists: Horizontal framing members that rest 
on top of the double plate and support the ceiling in a 
typical wood-framed structure. 


Cement: Material that bonds other materials together. 


Center-to-center: Method of determining pipe size in 
which measurements require you to know the laying 
length of the fitting. 


Cesspool (dry well): Deep pit that receives liquid 
waste and permits the excess liquid to be absorbed 
into the ground. Different from a septic tank because 
the rate of liquid intake and outflow are not the same. 


CFM: Abbreviation for cubic feet per minute. 
Chain-type pipe vise: A vise designed to clamp pipe 
and other round metal objects. It has one stationary 


metal jaw and a chain that fits over the pipe and is 
clamped to secure the pipe. 


Chain wrench: A tool used to hold or rotate pipe with 
a diameter of more than 2”. 


Chalk box: A metal or plastic container that holds a 
chalk line (string/cord) and a supply of powdered 
chalk. The box is equipped with a reel that rolls the 
chalk line inside the box through the powdered chalk. 
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Chalk line: Marking tool consisting of a string coated 
with chalk. Usually the string is stored in a chalk box. 


Chamber: A type of leach field that consists of a tunnel 
constructed of interconnected plastic units instead 
of pipe. 

Chase: Specifically, a pipe chase. A space or recess in 
the walls of a building where pipes are run. 


Check valve: A valve that permits flow in only one 
direction and prevents backflow in water supply piping. 


Chlorinated polyvinyl chloride (CPVC): Type of pipe 
and fittings suitable for piping hot water and some 
chemicals. 


Cholera: An international disease in the 1800s that was 
traced to a contaminated drinking water source. 


CI: Abbreviation for cast iron. 

Circuit vents: A method of venting installed on two or 
more fixtures that discharge into a horizontal waste 
branch. 

Circumference: Distance around the perimeter of a cir- 
cle. Circumference of a pipe is the distance around a 


pipe. Can be found by multiplying the diameter by pi 
(3.14): D x 7. 


CISP: Abbreviation for cast iron soil pipe. 
CISPI: Cast Iron Soil Pipe Institute. 


Clarified sewage: Sewage from which part or all of the 
suspended matter has been removed. 


Cleanout adapters: Adapters that convert a fitting 
socket to a cleanout. 


Close nipple: Shortest length of a given size of pipe 
that can be threaded along its entire length. 


Closed-end nut: A type of cap nut. 


Closet auger: Device that has a flexible steel cable that 
often can reach and remove a stubborn blockage in a 
water closet. 


Closet bend: An elbow drainage fitting connecting a 
water closet to the branch drain. 


Closet bolt: A bolt used to attach a water closet securely 
to the closet flange. 


Closet ell: A fitting with sockets on both ends that con- 
nects a 4” closet flange to a 3” waste pipe. 


Closet flanges: A fitting that is used to connect a water 
closet (toilet) to the waste piping. 


Closet spud: Connector between base of the ball cock 
assembly in a water closet tank and the water supply 
pipe. 

Code: A set of regulations adopted by a governmental 
unit for the purpose of protecting the public health and 
safety. In plumbing, these codes regulate the quality 


of materials, design, and installation of plumbing 
systems. 


Cold chisel: A hand tool used with a hammer to cut 
metal. 


Collar beam: Horizontal roof framing member 
attached to the rafters at a point some distance above 
the ceiling joists. The purpose of a collar beam is to 
transfer part of the load on the rafters on one side of 
the building to the rafters on the other side. Collar 
beams should not be cut by the plumber in the process 
of installing vent stacks. 


Combination fixture: A fixture designed to be both a 
kitchen sink and a wash basin. 


Combination square: A layout tool with a metal blade 
calibrated in inches or centimeters. The head of the 
tool is movable and has fixed surfaces at angles of 45° 
and 90° to the blade. Some combination square heads 
contain a small level and a scribe. 


Common nail: The standard-type nail with a large, 
flat head and relatively heavy body; used in framing 
and other applications where an exposed head is not 
undesirable. 


Common rafter: The sloping member of the roof frame 
that extends from the ridge board (highest point of the 
roof) to the double plate on top of the walls. 


Common vent: A vent serving two or more drainage 
stacks. 


Compass: A layout tool used to draw arcs and circles. 


Compass saw: Manual saw that works well for cutting 
holes greater than 1” in diameter. 


Compression: Stress resulting from forces that attempt 
to shorten a piece of material. Also, term used to indi- 
cate an increase in pressure on a fluid (air or water) as 
a result of the action of some mechanical device 
(pump). 

Compression faucet: Faucet that uses a rubberlike 
washer that is compressed against a metal surface to 
shut off the flow of water. 


Compression fittings: Fittings that make a watertight 
seal when a brass sleeve is compressed between the 
nut, pipe, and the body of the fitting. 


Compression valve: Valve that is used in piping 
systems to control air, steam, and water. Also called 
globe valve. 


Concentric: Having a common center. 


Concrete: A mixture of Portland cement, fine aggre- 
gate (sand), coarse aggregate (gravel), and water. 


Concrete nail: A nail made from hard steel and specif- 
ically designed to be driven into concrete, concrete 
block, and other similar materials. 


Condensing unit: The part of a building’s central air- 
cooling unit that is located outdoors. As refrigerant 
flows through the condenser, it releases heat to the 
outside air and changes from a gas to a liquid. 


Conductor: Vertical pipe that connects the roof drain 
to the storm drain. 


Continuous vent: Upward continuation of the waste 
piping to produce a vent. 


Continuous waste: Two or more fixtures connected to 
the same trap. 


Control stop: Stop that regulates the flow of water 
entering the flush valve and shuts off the water supply 
to an individual fixture when repairs are required. 


Copper pipe straps: Straps made from copper; used to 
secure copper pipe to the structure of the building. 


Corporation valve: Type of ground key valve that is 
installed in the water main and controls the water 
flow to the system. Also called a stop or corp. 


Cotton rope: Rope that is only 50% as strong as No. 1 
Manila rope and not recommended for hoisting. 


Counterflashing: A flashing usually used on chimneys 
at the roof line to cover shingle flashing and to prevent 
moisture entry. 


Coupling: A fitting that is used to join two lengths of 
pipe of the same diameter. 


Cross: A pipe fitting with four female openings at 
right angles to one another. 


Cross connections: Any link between contaminated 
water and potable water in the water supply system. 


Cross-linked polyethylene (PEX): Type of pipe and fit- 
tings used for hot and cold water supply piping and 
for radiant hydronic water heating applications. 


Cross ventilation: Ventilation through open windows. 


Crossover: Connection between two piping runs in the 
same piping system or the connection of two different 
piping systems that contain potable water. 


Crown: The point in a trap where the direction of flow 
changes from upward to downward. 


Crown vent: A vent connected to a trap at the crown. 


Crown weir: The point in the curve of the trap directly 
below the crown. This is the point at which the water 
level will normally remain when the fixture is not dis- 
charging through the trap. 

Crude sewage: Untreated sewage. 

CS: Abbreviation for Commercial Standard; a volun- 
tary standard that establishes quality, methods of test- 
ing, certification, rating, and labeling of manufactured 
items. 
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CU. FT. (cu. ft.): Abbreviation for cubic foot or feet. 
CU. IN. (cu. in.): Abbreviation for cubic inch or inches. 


Curb box: A cylindrical casting placed in the ground 
over the corporation stop. Also called a buffalo box. 


Curb stop: Type of ground key valve installed between 
the corporation stop and the structure, permitting the 
water line to be shut off near the street. 


Cut-and-cover technique: A technique that minimizes 
the amount of trench that is open at any given time by 
excavating only a few feet before laying pipe. 


Cutting plane line: Line that indicates where the plan 
view is cut for the section view. 


CW: Abbreviation for cold water. 


D 


d: Abbreviation for the word “penny,” (always used as 
small letter d). Used to designate the length of nails. 


Dark Ages: The period from approximately 400- 
1000 AD. 


Dead end: A branch of a drainage piping system that 
ends in a closed fitting. A dead end is not used to 
admit water or air into the piping system. 


Deep seal trap: A trap generally located in the build- 
ing drain for the purpose of resisting abnormal back 
pressure of sewer gas; also prevents loss of trap seal 
over long periods of nonuse. 


Dehumidifier: Device used to remove moisture from 
air in an enclosed space. 

Detail drawings: A drawing that shows the construc- 
tion of walls, stairs, doors, and windows in the form of 
section views. 


Developed length: The distance measured along the 
centerline of the pipe and fittings. 


DF: Abbreviation for drinking fountain. 
Diameter: Distance across a circle or cylinder. 


Diamond core drilling equipment: Equipment used to 
drill large-diameter holes through steel reinforced 
concrete. 

Diatomaceous earth: A light, sand-like material com- 
posed of the almost microscopic shells of certain algae. 


Diatomaceous earth (DE) filters: Filters that consist of 
a series of layers of porous material that is coated with 
diatomaceous earth. 


Die: A tool used to cut external threads by hand or 
machine. 

Die stock: Tool used to turn dies when cutting exter- 
nal threads. 
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Dielectric unions: Specially designed unions that are 
installed to join dissimilar materials and prevent gal- 
vanic corrosion that could destroy the pipe or fitting. 


Dip tube: Device that directs entering cold water to the 
bottom of the water heater tank. 


Distribution box: Alternative to using pipe fittings, it 
provides a place to connect the many lines of the leach 
field and divides the flow of liquid among them. 


Dividers: A layout tool with two sharp metal points. It 
is used to divide spaces into equal parts and to draw 
circles where it is desirable to scratch the surface of the 
material being marked. 


Domestic sewage: Sewage primarily from residential 
building; same as sanitary sewage. 


Dope: See Pipe joint compound. 


Dosing: A disposal method that distributes septic tank 
effluent through small pipes/tubes under pressure, 
where it is injected into the ground or sprayed over a 
special medium where bacterial action continues. 


Double ells: A fitting that is similar to a tee but has a 
relatively large curve radius that makes it less subject 
to blocking. 


Double fixture tee: A fitting in which all four connec- 
tions are sockets, but the radius of the bend from 
horizontal to vertical is larger than is the case with 
sanitary tees. 


Double hub: Cast iron sewer pipe having a bell on 
both ends. 


Double-insulated tools: Tools that provide protection 
from internal shorts by using an additional layer of 
insulating material, usually in the form of a plastic 
tool housing. 


Double joists: Floor or ceiling framing members that 
have been doubled to provide added strength under 
partition walls and around openings. 


Double long-radius TY: A pattern like the long-radius 
TY, which has sockets for two horizontal branches. 


Double-pipe, forced-air circulation system: System 
that provides more uniform heating than the simple 
single-pipe system because the water entering 
each radiator is heated to approximately the same 
temperature. 


Double sanitary tees: Fittings that permit two hori- 
zontal drain or waste branches to be installed at 
an angle of 180° (straight line) to each other rather 
than 90°. 


Double wye: Fitting that is like a standard 45° wye 
except it has two sockets at 45° angles to the straight 
run of pipe. 


Downspout: Vertical pipe usually made from sheet 
metal or plastic; carries water from the gutters to the 
ground or to a storm drain. 

Drain: Any pipe in the drainage piping system that 
carries wastewater. 

Drainage fitting: Any pipe fitting designed specifical- 
ly to be used in drainage piping. The distinctive fea- 
ture of this type fitting is the lip, or shoulder, on the 
inside of the fitting. When the pipe is installed, the 
shoulder produces a smooth, unbroken interior that 
permits solid matter to flow through the pipe more 
easily. 

Drainage fixture units (dfu): The number contributes 
to the load on the existing piping, allowing the 
plumber to determine where the branch for the new 
installation can be connected. 


Drainage piping: All or any portion of the drainage 
piping system. 

Drainage system: Set of piping that carries away 
wastewater and solid waste. Also called DWV 
(drainage/waste/vent) System. 


Drain, building: The nearly horizontal piping that con- 
nects the building drainage piping to the sanitary 
sewer or private sewage treatment system. 


Drain-cleaning machine: Device that uses a motor- 
driven snake to remove obstructions in DWV piping. 


Drain, combined: The part of the drainage piping 
within a building that carries both sanitary sewage 
and storm water. 


Drain spade: A tool used to dig a narrow trench; may 
also be used to loosen compacted earth. 


Drain, storm: Piping systems that carry subsoil water 
and rain water from a building to the storm sewer. 


Drain, subsoil: Part of the storm drain system that 
conveys ground water to the storm sewers. An exam- 
ple of a subsoil drain is the piping placed around the 
foundation to carry away ground water that might 
otherwise seep through the foundation wall. 


Drift plug: A plug driven through a soft metal pipe to 
remove dents. 


Drip irrigation system: Type of irrigation system con- 
sisting of tubing near the surface of the ground with 
smaller tubes that lead to drip heads at the base of 
plants. 


Drop ell: An ell pipe fitting with “ears” that permit it 
to be attached with screws directly to the building 
frame. 


Drop tee: A tee pipe fitting with “ears” that permit it to 
be attached directly to the building frame. 


Drum trap: A trap installed in the drainage piping. A 
vertically oriented cylinder, it has an inlet near the bot- 
tom and an outlet near the top. Since the cylinder 
holds water, it prevents sewer gas from entering the 
building. 

Dry vent: Any vent that does not carry wastewater. 


Dry well: A well, frequently composed of a hole filled 
with aggregate, which is designed to permit water to 
seep into the ground. It is used to receive rainwater 
and, sometimes, the effluent from a septic tank. 


Dual-feed mechanism: Device on a drain-cleaning 
machine that permits the operator to control both the 
rotation and forward/ backward movement of the 
snake. 


Dual leach field: An alternative in a septic system that 
directs the effluent from the septic tank to one field 
while the other field “rests.” 


Ductility: The property of a material that allows it to 
be formed into thin sections without breaking. Copper 
is more ductile than steel. 


DWV: Abbreviation for drainage, waste, and vent 
system. 


Dysentery: A common disease in the U.S. in the 1800s. 


E 


Easement: The right of a person, governmental 
agency, company, or corporation to use land owned by 
another for some specific purpose (e.g., the right of 
public utility to install service through a person’s 
property). 

Eccentric fitting: A pipe fitting in which the centerline 
of the openings is offset. 

Effective opening: The cross-sectional area of the 
opening where water is discharged from a water sup- 
ply pipe. 

Effluent: The outflow from sewage treatment 
equipment. 

Eighth-bend: A pipe fitting that causes the run of pipe 
to make a 45° turn. 


Elastic limit: The greatest stress a piece of material 
can withstand and still return to its original shape 
when the stress is removed. 


Elbows: A fitting that enables pipe to turn corners. 
Also called ells. 


Electrical plan: A drawing that locates the service 
entry, distribution (breaker) panel, outlets, switches, 
and light fixtures. 


Electronic level: A tool that provides a direct digital 
readout of the slope; it can also be used for horizontal 
and vertical alignment. 
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Elevation drawings: A drawing that shows the exteri- 
or appearance of each side of the building. 


Energy Guide Program: A program administered by 
the Federal Trade Commission (FTC) requiring that 
many appliances, such as residential water heaters, be 
tested and labeled to indicate energy consumption 
levels. 


Erosion: The gradual wearing away of material as a 
result of abrasive action. 


Estimators: Employees of plumbing contractors who 
carefully evaluate the materials and labor required to 
complete plumbing installations. 


Evaporation: Loss of water (especially in a drainage 
trap) to the atmosphere. 


EWC: Abbreviation for electric water cooler., 


Excavation lines: Lines laid out on the job site (usually 
with lime) to indicate where digging for foundation 
and piping is to be done. 

Existing piping: In remodeling, the piping that was 
installed during the second-rough stage when the 
building was constructed. 


Expansion joint: A joint that permits pipe to move as 
a result of expansion without breaking or damaging 
fixtures and fittings. 


Expansion loop: Combination of 90° ells and short 
lengths of pipe that are installed near the center of 
long runs of pipe as a solution to the thermal expan- 
sion problem. 


Expansion tank: A reservoir for the increased volume 
of water after heating. 


Extension ladder: A ladder with two or more sections 
that can be extended to adjust the length. 


Extra heavy: A term used to designate the heaviest 
and strongest grades of cast iron and steel pipe. 


Eye protection: Protective equipment, such as safety 
glasses, goggles, or face shields, that is required when 
working in areas where hazardous operations are 
being performed. 


Eyepiece: Component of the builder’s level through 
which the operator looks. The eyepiece houses the 
horizontal and vertical crosshairs. 


Eyepiece focus: Part of the builder’s level that is used 
to bring the horizontal and vertical crosshairs into 
clear focus. 


F 


F: Abbreviation for Fahrenheit. 


Face-to-face: Method of measuring pipe requiring 
that the plumber know the fitting allowance for the 
type and size of fitting being installed. 
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Fall: In pipe installation, the amount of slope given to 
horizontal runs of pipe. 


Fall arrest: Protection that involves devices designed 
to catch people if they fall. 


Fall restraint: Protection that involves the use of 
guardrails or safety belts and lanyards short enough to 
prevent people from reaching the edge of the elevated 
surface. 


Faucet: A valve that permits controlled amounts of 
water to be obtained from the water pipe as needed; 
generally used at a fixture. 


Female thread: Any internal thread. 


Ferrule: A cast iron pipe fitting which, when installed 
in the bell of a cast iron pipe, permits a threaded 
cleanout to close the opening. 


FG: Abbreviation for finish grade. 


Field tile: Short lengths of clay pipe installed as sub- 
surface drains. Water enters through a gap at the joints 
and is carried away through the pipe. 


File: A tool for shaping metal, wood, and other 
materials. 


Fill: Sand, gravel, or other loose earth used to raise the 
ground level around a structure. 


Filter: Component of a tub or pool that removes con- 
taminants that would otherwise make the water 
unsuitable for bathing. 


Filter lenses: Protective eyewear of specific shades to 
be used when soldering, brazing, or welding. 


Finish stage: Stage in which lavatories, water closets, 
sinks, faucets, hose bibbs, shower heads, and plumb- 
ing accessories are installed. 


Finishing nail: A nail with a small head designed to be 
countersunk and covered with putty so it is not 
exposed in the completed project. 


Fire extinguisher: Device used to effectively put out 
small fires. 


First-rough stage: Plumbing stage in which building 
sewer and water supply lines are extended from the 
water and sewer mains into the building. 


Fitting gain: Amount of space inside a fitting required 
by a pipe. 

Fitting plug: Type of plug that is specified by the nom- 
inal diameter of the socket into which it will fit. 
Fittings: The parts of the piping system (but not the 
valves) that serve to join lengths of pipe. 

Fixed spray head: A variation of the spray-type sprin- 
kler head that does not have the pop-up feature. 


Fixture: A device such as a sink, lavatory, bathtub, 
water closet, or shower stall. Attached to plumbing 


systems, it receives water from the water supply pip- 
ing and provides a means for waste to enter the 
drainage piping. 

Fixture branch: The water supply piping that connects 
a fixture to the water supply piping. 

Fixture drain: Drainage piping including a trap that 
connects a fixture and a branch waste pipe. 

Fixtures, battery of: Any two or more similar fixtures 
that are served by the same horizontal run of drainage 
piping (for example, a group of lavatories in a public 
restroom connected to the same horizontal branch of 
the drainage piping system). 

Fixtures, combination: A fixture, such as a kitchen 
sink/laundry basin, that is specifically designed to 
perform two or more functions. 


Fixture supply pipe: The water supply pipe that con- 
nects the fixture to the stub out. This pipe is generally 
exposed within the finished structure and is often 
chrome-plated soft copper or plastic. 


Fixture tee: A fitting that has 2” stacks to provide a 
connection for a threaded pipe or fitting. 


Fixture unit: A means of rating the amount of dis- 
charge from a given fixture so that drainage piping is 
large enough to carry the required amount of waste. 
Also, a flow of 1 cfm. 


Fixture vent: A part of the DWV piping system. It con- 
nects with the drainage piping near the point where 
the fixture trap is installed and extends to a point 
above the roof of the structure. The purpose of the fix- 
ture vent is to permit air to enter the drainage piping. 


Flange: A rim or collar attached to one end of a pipe to 
give support or a finished appearance. 


Flange nut: Connects flared copper pipe to a threaded 
flare fitting. 


Flange unit: Union secured with nuts and bolts. 


Flare fittings: Fittings that require the end of a copper 
tube to be flared so the joint seals when the nut is 
tightened. 


Flared: Stretched into a widened, beveled surface. 


Flashing: Material (often a formed metal product) that 
is used to prevent water from leaking into the building 
around the stack. 


Float arm: Thin rod that is threaded at each end and 
connects the float ball to the inlet valve of a ball cock 
assembly. 


Float ball: Metal or plastic ball used to control the 
inlet valve in water closet tanks. 


Float-controlled valves: Valves that maintain a con- 
stant level of water in a tank or other container. 


Flood level: The point in a fixture above which water 
overflows. 


Floor drain: A fitting that is located in the floor; used 
to carry wastewater into the drainage piping. 


Floor flange: A fitting attached at floor level to the end 
of a closet bend so the water closet can be bolted to the 
drainage piping. 

Floor plans: A drawing that details the room arrange- 
ment on each floor of the building. 


Flue: A tubelike passage that usually runs up the cen- 
ter of the heating tank in a water heater. 


Flush ball: In a water closet tank assembly, the rubber 
ball-shaped closure that controls flow of water into 
the bowl. 


Flush bushings: Fittings used to reduce the size of 
sockets. 


Flush valve: Valve that does not need a storage tank 
because pressurized water flows directly into the fix- 
ture and is flushed with a scouring action. 


Flush valve seat: Opening between a water closet tank 
and bowl against which the flush ball is fitted. 


Flushometer: A valve that permits a pre-established 
amount of water to enter a fixture, such as a water 
closet or urinal, for the purpose of flushing it. When a 
flushometer is installed, a flush tank is not needed. 


Flux: A chemical substance that prevents oxides from 
forming on the surface of metals as they are heated for 
soldering, brazing, and welding. 


Folding rule: A measuring device that can be folded 
for convenience of carrying and storage. 


Follower: The sleeve on a pipe die that aligns the die 
with the pipe. 

Footing: The part of the foundation of a building that 
rests directly on the ground. The footing distributes 
the weight of the building over a sufficiently large 
amount of ground so the building will not settle 
excessively. 

Footing pads: Separate sections of footing not under 
the foundation walls. Used to support columns in the 
structure. 

Force cup: A rubber cup attached to a wooden handle 
used for unclogging water closets and drains. Also 
called a plunger. 


Forced air: Air blown by a fan from a furnace or air 
conditioner. 

Forced air furnace: Any furnace that uses a fan to cir- 
culate heated air. 


Foundation: The part of a building below the first 
framed floor. Includes the foundation wall and footing. 
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Foundation drain: Drainage system that collects 
groundwater and channels it into a sump, thereby 
removing water that tends to collect under the base- 
ment floor and outside the foundation wall. 


Foundation plan: A drawing that describes the size 
and shape of footings and foundation walls. 


4-in-1 screwdriver: A convenient tool that usually has 
two straight and two Phillips blades. 


FPT: Abbreviation for female pipe thread. 


Freezeless water faucet: A water faucet designed to be 
installed through an exterior wall. It is made so the 
valve seat is approximately 12” inside the wall. 


French drain: A trench drain that collects and drains 
water away from the foundation. 


Friction: The drag, or resistance to water flow, exerted 
by the walls of the pipe and fittings. 


Frost line: The depth of frost penetration in the soil. 
This depth varies in different parts of the country, 
depending on the normal temperature range. Water 
supply and drainage pipes should be installed below 
this depth to prevent freezing. 


FS; Abbreviation for federal specification. 
FTG: Abbreviation for fitting. 
FU: Abbreviation for fixture unit. 


Full-body harness: A fall arrest device that buckles 
around each leg, the waist, and both shoulders, 
preventing injury by distributing forces throughout 
the body. 

Furnace: A central heating device exclusive of any 
ductwork or piping. 


Furnace fan: Part of a central air-cooling unit that cir- 
culates warm air from the rooms through the heat 
exchange coil. The cooled air is redistributed through 
the building. 


G 


GA (ga): Abbreviation for gage or gauge. 
GAL (gal): Abbreviation for gallon (231 cu. in.). 
GALV: Abbreviation for galvanized. 


Galvanic corrosion: Type of deterioration that results 
from a small electrical current being generated 
between the two metals. 


Galvanized: Pipes that are coated with zinc metal to 
prevent rust. 


Garbage disposal: Device that connects directly to the 
sink, replacing the standard basket and strainer, to 
assist in disposing of food wastes. 
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Garderobe: A small outhouse-like room found in cas- 
tles constructed during the Middle Ages. 


Gasket: Any semihard material placed between two 
surfaces to make a watertight seal when the surfaces 
are drawn together by bolts or other fasteners. 


Gate valve: Valve that provides an unobstructed 
waterway when fully open, making it useful in large 
piping installations. 

Girder: A large beam of steel or wood that supports 
other framing members in a structure. 


Globe valve: A spherically shaped valve body that 
controls the flow of water with a compression disk. 
The disk, opened and closed by means of a stem, 
mates with a ground seat to stop water flow. 


Good housekeeping: The act of keeping the work area 
as clean and orderly as possible. 


GPD: Abbreviation for gallons per day. 


GPM (or gal. per min.): Abbreviation for gallons per 
minute. 


Grab bar: A metal bar installed near a shower stall, 
bathtub, or other fixture. Provides extra support for 
personal safety. 


Grade: Slope of a horizontal run of pipe. Also, eleva- 
tion of land after some phase of earthmoving. 


Grease trap: A drum-type trap installed in the 
drainage piping from any fixture likely to receive large 
quantities of grease. Its purpose is to separate grease 
from water by allowing the grease to float to the top. 


Groove-joint pliers: Tools that are useful for a variety 
of tasks, ranging from holding copper fittings while 
soldering to assembly and disassembly operations. 


Ground fault circuit interrupter (GFCD): Protective 
device that breaks an electrical circuit very quickly 
when a short or grounded condition occurs. Also 
called a ground fault interrupter (GFI). 


Ground key valve: A valve used to control the flow of 
liquids or gases between a building and its source of 
supply, or inside the building itself. Also called stop 
valve. 


Ground water: Water in the subsoil. 


Grounded tools: Electric tools that are equipped with 
a three-prong plug. Grounded tools protect the opera- 
tor from harm in the event of a short circuit. 


Grounding: An electrical safety practice used to pre- 
vent a person from being shocked if a tool being used 
has an electrical short. 


Guardrails: Rails used on all open sides and ends on 
platforms that are more than 10’ above the ground or 
floor. 


GV: Abbreviation for gate valve. 


H 


Hacksaw: A manual metal-cutting saw with a replace- 
able blade. 


Halyard: The rope used to raise and lower the upper 
section of the ladder. 


Handle puller: Tool for removing handles from faucets 
and valves. 


Hanger: Support for pipe. 


Hard temper: Pipe that is more rigid and better suited 
for applications where it will be exposed. 


Hazard Communication Standard (HCS): Federal 
standard adopted to provide information to workers 
about the materials they are working with, the poten- 
tial hazards these materials present, and the appropri- 
ate means of protection. 


HB: Abbreviation for hose bibb. 
HD (hd): Abbreviation for head. 


Header: A water supply pipe to which two or more 
branch pipes are connected to service fixtures. Also, a 
framing member in the wall, floor, ceiling, or roof 
framing that supports joists that have been cut off. 


Headroom: Space between the floor and the lowest 
pipe, duct, or part of the framing. 


Hearing protection devices: Protective gear that pre- 
vents hearing loss, which can result from brief expo- 
sure to very loud sounds and from extended exposure 
to sounds of less intensity. 


Heat exchange coil: Part of a central air-cooling 
unit that removes heat and moisture from the air and 
is located in the bonnet of the furnace. Also called 
evaporator. 


Heat pump: A mechanical refrigeration device used for 
heating and cooling. 


Heating plan: A drawing that describes the placement 
of the heating plant and the ductwork, piping, or elec- 
trical resistance wire as required by a particular heat- 
ing system. 

Hoist standard: Attachment to a scaffold that permits 


loads to be lifted by a person standing at the base of 
the scaffold. 


Hole saw: A device for cutting holes from 1’-3%” in 
diameter. 


Honing: The process of sharpening a knife or other 
cutter using a fine stone. Honing is done to remove 
small amounts of metal and generally follows 
grinding. 

Horizontal branch: Any horizontal pipe in the DWV 
piping system that extends from a stack to the fixture 
trap. Also called a lateral. 


Horizontal circle vernier: Component of the builder’s 
level that is marked in degrees and allows measure- 
ment of horizontal angles. 


Horizontal motion screw: Component that holds the 
builder’s level in any horizontal position. 


Horizontal motion tangent screw: Element that allows 
fine position adjustments to be made on a builder’s 
level. 


Horizontal pipe: Any pipe installed so that it makes 
an angle of less than 45° from level. 


Hose bibbs: Outside faucets that permit attachment of 
a garden hose. 


Hot tubs: Luxury items that operate the same way as 
spas but are usually constructed with round or oval 
wooden tubs. 


House sewer: The drainage piping between the build- 
ing’s foundation and the sewer main or septic tank. 
Hub: The enlarged end of a hub and spigot cast iron 
pipe. 

Hubless pipe: See No-hub pipe. 

Humidifiers: Devices installed in furnaces to help wet 


the air. These units require a small tube to deliver the 
needed water to the unit. 


Humus: A soil-like organic byproduct of an organic- 
waste treatment system. 


HW: Abbreviation for hot water. 


Hydrant: Water supply outlet with a valve located 
below ground. Designed for obtaining relatively large 
quantities of water from the water supply piping. 
Hydrants supply water for firefighting and sprinkling. 


Hydrated lime: Slaked lime, an ingredient of mortar. 
Also called quick lime. 


Hydraulics: The study of the characteristics of fluids. 


Hydraulic test pump: Pump that can apply 400 or 
more psi to water-filled piping systems. 


Hydrojets: Spa accessories that use a venturi to pro- 
duce a bubbling, massaging effect. 


Hydronics: Practice of heating and/or cooling with 
water. 


Hydropneumatic: A system in which the tank contains 
both water (hydro) and air (pneumatic) under pressure. 


I 


IAPMO: International Association of Plumbing and 
Mechanical Officials. 


ICBO: International Conference of Building Officials. 


Glossary 617 


Icemakers: Features on some refrigerators used to 
make ice. Most require 4%” water supply tubing con- 
nected to the cold water piping. 


ID: Abbreviation for inside diameter. 


Impeller: A heavy disk mounted in the pump housing 
used in shallow well centrifugal pumps to lift water. 


IN. (in.): Abbreviation for inch. 


Increaser: A fitting installed in a vent stack before the 
stack goes through the roof. Its purpose is to enlarge 
the stack. This reduces the possibility of water vapor 
condensing and freezing to the point of closing the 
opening. 

Indirect siphonage: The action that occurs when the 
discharge from one fixture causes water to be drawn 
from another fixture. Also called momentum siphonage. 


Individual venting: A method of maintaining atmos- 
pheric pressure at all points in the waste piping in 
which every trap is vented. 


Instantaneous water heater: Tankless water heater fre- 
quently used for point-of-use heating of water. 


Integrity: The quality of behaving in accordance with 
accepted principles of what is right and wrong. 


Interceptor: Any device installed in the drainage pip- 
ing to prevent the passage of grease or solid materials 
such as sand. 


Interconnection: Any pipe that joins two or more 
water supply systems. 


Internal pipe cutter: A cutting tool designed to cut off 
plastic or copper pipe below the surface of a concrete 
floor so a closet flange can be installed. 


International Residential Code for One- and Two- 
Family Dwellings: Code introduced in 2000 by the 
International Code Council. It is compatible with the 
National Codes published by BOCA, ICBO, and 
SZOCI 


Internet: A useful tool for searching for information; 
an international network of computers that are joined 
together. 

Interpersonal skills: The ability to work as a member 
of a team, teach others new skills, serve customers, 
and problem solve. 


Inverted flare: Fittings that use a nut with external 
threads to secure the tubing to the body of the fitting. 


IPS: Abbreviation for iron pipe size. 


J 


Jab saw: A saw consisting of a handle and a common 
hacksaw blade; it is helpful for cutting metal in close 
quarters. 
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Jackhammers: Pneumatic breakers used to remove 
large quantities of dense material, such as concrete. 


Joint runner: A rope-like tool made of fireproof mate- 
rial used to prevent lead from flowing out of the hub 
before it can harden. 


Joists: Horizontal framing members in the floor or 
ceiling that carry the load to the supporting walls. 


Journeymen plumbers: Full-fledged trades people who 
are licensed to practice their craft. 


Jute rope: A rope that is only 50% as strong as No. 1 
Manila rope and is not recommended for hoisting. 


K 


Keel: Colored marking crayon used for marking pipe. 


K grade copper pipe: Copper pipe suitable for installa- 
tion underground. 

Kitchen group: Sink with or without a garbage disposal 
and a dishwasher. 

Knockout test plug: A fitting that eliminates the need 
to plug the closet flange during testing and prevents 
anything from getting into the DWV piping that could 
cause clogging or other damage. 

KW (kw): Abbreviation for kilowatt. 


L 


Ladders: The most commonly used climbing 
equipment. 

Lag shields: Type of anchor that does not have to be 
positioned as accurately as caulking anchors. 
Lanyard: A short line that is attached to an anchor 
point or an anchored lifeline. 

Laser level: A tool that projects a beam of light that can 
be used to align pipe, measure elevations, and per- 
form a variety of other layout and alignment tasks. 


Latrine: A multiseat toilet that has a single water 
trough under several seats. 


Laundry group: Laundry tub and clothes washer. 
LAV: Abbreviation for lavatory. 


Lavatory: A fixture designed for washing hands and 
faces. 


Laying length: The amount of a run of pipe, measured 
along the centerline, that is taken up by the fitting. 


Lay out: The act of measuring and marking the loca- 
tion of something. Also, the arrangement of a house, 
room, or part of a job. 


Layout tools: Instruments used to produce accurate 
lines, circles, or any other marking. 


LB. (Ib.): Abbreviation for pound. 


L copper pipe: A type of copper pipe used to convey 
water above ground. 


Leach field: A network of piping with perforations or 
other openings that allows treated liquid from the sep- 
tic tank to diffuse (leach) into the soil. 


Leaching well: See Cesspool. 


Lead: Exposure to elevated levels of this material, 
which can occur when abrasive blasting, sanding, cut- 
ting, burning, or welding on steel structures coated 
with lead-containing paints, can cause lead poisoning. 


Leaders: In a storm drainage system, objects from 
downspouts that are often buried a few inches below 
the surface of the ground. 


Lead pipe: Pipe that is light gray in color, relatively 
easy to bend or crush, heavy compared to plastic or 
copper pipe, and contaminates the water supply. 


Ledge-type lavatories: Type of lavatory that is hung 
from the wall. 


Ledge-type sinks: Type of sink that is hung from the 
wall. 


Level: A tool used to determine if something is hori- 
zontal (level) or vertical (plumb). 


Leveling screws: Used for adjusting the horizontal 
level of the builder’s level. 


Lever hoist: A hoist that will lift or pull much heavier 
loads than a hoist standard. 


Lifeline: A line installed to provide support in case of 
a fall. 


Lift platforms: Self-propelled platforms that can be 
easily moved as work progresses. 


Line level: A small, lightweight level designed to be 
hung from a horizontal string to transfer vertical 
dimensions over distances. 


Liquefied petroleum gas: A fuel that is much more con- 
centrated than natural gas. It is stored in large tanks as 
a liquid but vaporizes before it burns. 


Liquid chlorine: This chemical, also known as sodium 
hypochlorite, may be introduced into the water sup- 
ply by a feed pump to reduce the spread of bacteria- 
related diseases. 


Liter: A unit of volume measure in the SI metric sys- 
tem; equal to 61.02 cu. in. 


Load factor: Factor that indicates approximately how 
many cubic feet of water per minute a fixture dis- 
charges into a drain. 


Local code: Code that regulates size and types of pipe 
to be used in installation. 


Locking pliers: A holding tool that combines a com- 
pound lever and a locking clamp to exert tremendous 
pressure on the object being held. 


Long nipple: Pipes that are 6” or more in length. 
Long quarter bond: A 90° fitting with one section 
much longer. 


Long-radius TYs: A TY that is specified by giving the 
diameter of the sockets, the type and grade of plastic, 
and the name of the fitting. 

Long-sweep fitting: Any drainage fitting that has a 
long radius curve at the bends. 


Looped vent: A vent that dips below the flood rim of 
the fixture before rising to connect with the vent stack. 


Lot line: The line(s) forming the legal boundary of a 
piece of property. 
LPG: Liquefied petroleum gas; used for home heating. 


Lugs: Devices that pull the rim firmly against the 
countertop and the top of the lavatory or sink. 


M 


Main sewer: The large sewer to which the building 
drains of several houses are connected. 

Main water line: The large water supply pipe to which 
branches are connected. 

Male thread: Threads on the outside of a pipe, fitting, 
or valve. 

Malleable iron: Cast iron that has been heat treated to 
reduce its brittleness. Iron fittings are made from mal- 
leable iron. 

Mallet: A soft-face hammer (rawhide, plastic, or lead) 
used to drive parts without damaging them. 
Mandrel: A shaft onto which cylinders for a hole saw 
are threaded. 

Manhole: An opening in the sanitary or storm sewer 
system to permit access. 

Manifold: A pipe that has many outlets located close 
together. 

Manila rope: The strongest natural fiber rope, which is 
made from the fiber of the abaca plant. It is sold in sev- 
eral grades that differ in strength and appearance. 
Masonry bits: Bits available in sizes from %” to %” in 
diameter. 

Master plumbers: People who are qualified, by experi- 
ence and knowledge, to be plumbing contractors. 
Material safety data sheets (MSDS): Detailed informa- 
tion on each chemical in a specific product, including 
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its potential hazardous effects, its physical and chemi- 
cal characteristics, and recommendations for appro- 
priate protective measures. 


Mattock: The wide cutting edge of the pick/mattock 
that is used to break up clay and other compacted 
material. 


MAX.: Abbreviation for maximum. 
MCA: Mechanical Contractors Association. 


Measuring tools: Instruments that measure length, 
height, diameter, levelness, or plumb. 


Meter stop: Type of ground key valve that allows the 
water to be shut off at the inlet to the meter. 


Meter yoke: A valve used on a water main between the 
street and a water meter; permits installation or 
removal of the meter. 


Metropolitan Health Law: Law passed by the New 
York Metropolitan Board of Health in 1870, which 
included the idea of sanitary plumbing for every 
building. 

MGD: Abbreviation for million gallons per day. 

MI: Abbreviation for malleable iron. 


Microscope: A device invented in the 1600s that was 
used to identify the cholera-causing bacteria nearly 
200 years later. 


MIN. (min.): Abbreviation for minute or minimum. 


Miter box: A saw guide that can be used when cutting 
plastic pipe. The miter box ensures a square cut that 
conforms well to a fitting. 


Model codes: Standardized plumbing codes that are 
available for adoption by local governments. These 
are well received because they minimize the time and 
expense involved in developing quality plumbing 
codes. 


Moisture barrier: A material such as polyethylene 
plastic that retards the passage of vapor or moisture 
into walls or through concrete floors. 


Monkey wrench: A wrench with one movable jaw that 
moves along the handle. The jaws are smooth and 
provide no clamping action when force is applied to 
the handle. 


Mortar: A mixture of Portland cement, hydrated lime, 
sand, and water used to bond joints in clay pipe or in 
bonding masonry. 


Mortarboard: A board or tablelike stand used by a 
mason at the job site. It holds mortar being used to 
bond masonry units. 


MPT: Abbreviation for male pipe thread. 
MS: Mild steel. 
M TYPE: Lightest type of rigid copper pipe. 
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Multispur bits: A one-piece device for drilling large- 
diameter holes in wood. 

Multizone hydronic system: Type of hydronic heating 
system in which thermostats and zone valves are 
installed at each radiator, allowing the temperature of 
each room to be controlled individually. 


N 


NAPHCC: National Association of Plumbing, 
Heating, and Cooling Contractors. 


National Plumbing Standard: Adopted in 1992, this 
standard established water efficiency regulations for 
plumbing fixtures sold in the U.S. 


NBFU: National Board of Fire Underwriters. 
NBS: National Bureau of Standards. 


Needle valve: Similar to a globe valve. It has a needle 
that seats into a small opening to control the flow of 
fluid. 


Neoprene: A synthetic rubber with superior resistance 
to oils; often used as gasket and washer material. 


Networking: Finding employment opportunities 
though other people, especially family and friends. 


NFPA: National Fire Protection Association. 


Nipples: Pieces of pipe, 12” or less in length, that are 
threaded on both ends. 


No-hub pipe: Soil pipe having smooth ends, without 
spigot or hub. 


Nominal size: Size that is near the actual size but is 
rounded to make it easier to remember and write. Also 
called name size. 


Nonbearing wall: A wall within a structure that sup- 
ports no load other than its own weight. 


Nonferrous metal: Metal that does not contain iron 
and is, therefore, nonmagnetic. 


Nonrising stem valve: A type of gate valve in which 
the stem does not rise when the valve is opened. 


Nozzle: A fitting attached to the outlet of a pipe or 
hose that varies the volume of water and causes the 
shape of the stream of water to be changed to a spray 
of varying diameter. 


NPS: Abbreviation for nominal pipe size. 


O 


Oakum: Loosely woven hemp rope that has been 
treated with oil or another waterproofing agent. Used 
to caulk joints in bell and spigot pipe and fittings. 


OC: Abbreviation for on center. 


Occupational Safety and Health Act (OSHA): 
National act that regulates safety conditions in the 
workplace. 


OD: Abbreviation for outside diameter. 


Offset fitting: Fitting with two bends, one offsetting 
the other. Connects two parallel pipes. 


Open-end wrench: A tool for tightening and loosening 
bolts and nuts. The jaws are of a fixed size; therefore, 
it is necessary to have a different wrench to fit differ- 
ent size bolts or nuts. This type of wrench will fit into 
places an adjustable wrench will not and is less likely 
to slip off the bolt or nut. 


O-ring: A rubber seal used around stems of some 
valves to prevent water leakage. 


Outside wall: Any wall of a structure exposed to the 
weather on one side. 


Overflow tube: Vertical tube in water closet tank pre- 
venting overfilling of tank. 

Oxidation: The process of picking up oxygen that pro- 
duces tarnish and rust in metals. 


Oxidized sewage: Sewage that has been exposed to 
oxygen, causing organic substances to become stable. 


OZ (oz): Abbreviation for ounce. 


P 


Packing: A loosely packed waterproof material 
installed in the packing box of valves to prevent leak- 
ing around the stem. 


Packing nut: Special nut holding the stem in a faucet 
or valve while compressing the packing. 


Partition or partition wall: An interior wall that 
divides spaces within a building. Generally, it does not 
support the structure above it. 


Pasteurization: The process of killing bacteria, proto- 
zoa, and viruses by heating water above 160°F (71°C). 


Pathogens: Bacteria that are harmful to humans. 


Pedestal-type lavatory: Lavatory that is mounted 
on a stand. The drain from this type of sink extends 
from the bowl into the pedestal, where the P-trap is 
connected. 


Penny: Measure of nail length. Abbreviated as “d.” 
Percolation rate: The rate at which the soil will absorb 
liquid. 

Percussion method: Drilling method that uses a chisel- 


shaped bit that is raised and lowered by a cable to 
break up the subsurface material. 


Perimeter heating: A method of installing central heat- 
ing systems so that registers are placed on outside 
walls of the building under windows. 


Personal qualities: Five qualities identified by the 
Labor Department's report, including responsibility, 
self-esteem, sociability, self-management, and integrity. 
Petcock: Small ground key-type valve used with soft 
copper tube. 


pH scale: The scale used to quantify levels of acidity or 
alkalinity. 


Pick: The pointed end of a pick/mattock that is useful 
for breaking up compacted granular material and thin 
layers of rock. 


Pick/mattock: A combination tool used to break up 
compacted material. 


Pilot light: A relatively small flame that burns con- 
stantly. Its purpose is to ignite the main supply of gas 
when a gas-fired heating or cooking unit is turned on. 


Pipe cutter: A tool for cutting pipe that makes use of a 
hardened steel cutter that is revolved around the pipe 
to make the cut. 


Pipe joint compound: Puttylike material used for seal- 
ing threaded pipe joints. 

Pipe reamer: A tapered cutting tool used to remove the 
burr formed on the inside of a pipe as a result of a cut- 
ting operation. 


Pipe straps: Vertical support for copper pipe and 
fittings. 

Pipe vise: Commonly used holding device that has 
jaws to firmly grip a pipe, preventing the pipe from 
turning. 

Pipe, vertical: Any pipe or part thereof installed in a 
vertical position. 


Pipe, water distribution: Pipes that carry water from 
the service pipe to fixtures in the building. 


Pipe, water riser: A water supply pipe that rises verti- 
cally from a horizontal pipe. 


Pipes, water service: That portion of the water piping 
extending from the main to the meter. 


Pipe wrench: A wrench with adjustable, slightly 
curved, toothed jaws used to grip pipe as pressure is 
applied to the handle. Patented in 1870, it later became 
known as the Stillson wrench. 


Piping: A generic term used to refer to all the pipes in 
a building. 

Pitch: Degree of slope or grade given a horizontal run 
of pipe. 

Pitless adapter: Adapter used in climates where the 


water piping must be kept below the frost line to 
prevent freezing. The pitless adapter permits the drop 
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pipe to go through the side of the well casing below 
the frost line. 


Plastic anchors: Anchors that can generally be 
installed in a smaller hole than lag shields, caulking 
anchors, or toggle bolts. They do not have as much 
holding power as other masonry anchors. 


Plastics: Material that is versatile and can be shaped 
to form nearly any fixture. 


Platform: Ladder that provides additional room to 
stand when installing pipe and fittings overhead in a 
room with 8’ or lower ceilings. 


Plenum: Chamber attached directly to a furnace that 
receives heated air. From this relatively large chamber, 
ducts carry the air to each of the registers. 


Plot plan: A drawing that describes the location of the 
structure on the lot and indicates landscaping. 


Plugs: Type of fitting that is used to close socket 
openings. 
Plumb: Exactly vertical; at a right angle to the 
horizontal. 


Plumb bob: A tool consisting of a weight that is sus- 
pended by a string. When the plumb bob is allowed to 
hang freely, the string line will assume a position that 
is exactly vertical. 


Plumber: A person trained and experienced in the skill 
of plumbing. 

Plumber's augers: Drill bits that are designed to cut 
only wood. 


Plumber's furnace: A heating source used to melt lead, 
heat soldering irons, or melt solder. May be fueled by 
propane, gasoline, or other petroleum-based fuels. 


Plumber's rule: A measuring device that has a stan- 
dard scale on one side and a scale for measuring the 
length of 45° offsets on the other side. 


Plumber's soil: A mixture of glue and lampblack. 
Used in lead work to prevent lead from sticking to 
selected parts of the lead pipe and fittings. 


Plumbing: A general term that includes the methods, 
materials, fixtures, and tools used in the installation, 
maintenance, and alteration of piping, fixtures, and 
appliances in sanitary sewers, storm sewers, DWV 
piping systems, and water supply piping systems. 


Plumbing contractors: Master plumbers who have 
established a plumbing contracting business. 


Plumbing fixtures: Devices that receive water and dis- 
charge it and/or waterborne wastes into the DWV 
system. 


Plumbing inspector: A person authorized to inspect 
plumbing and drainage for compliance with the code 
for a municipality. 
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Plumbing plan: A drawing that shows locations of 
plumbing fixtures and describes the piping systems 
that serve the fixtures. 


Plumbing supply dealers: Workers whose job it is 
to keep up with new developments in plumbing 
materials, supplies, tools, and equipment. 


Plumbing system: All the water supply and distribu- 
tion pipes, plumbing fixtures and drainage pipes, and 
building drains and building sewers that are part of a 
building. 

Plumbum: The Latin word for lead. 


Plunger: Device that clears a blocked water closet by 
forcing water through the drain under pressure. Also 
called a force cup. 


Pneumatics: The study of compressible gases. 


Polyethylene (PE): Type of pipe and fittings used most 
frequently to pipe natural gas. 

Polyvinyl chloride (PVC): Type of pipe and fittings 
often used in pressure pipe applications such as water 
distribution, irrigation, and natural gas distribution, 
as well as DWV piping. 

Pop-off valve: A safety valve that opens automatically 
when pressure exceeds a predetermined limit. 


Pop-up action: The effect of water pressure causing 
the spray nozzle to rise above the grass in a spray-type 
sprinkler head. 


Porcelain: Ceramic material made of kaolin (fine clay), 
quartz, and feldspar; used for bathroom fixtures. 


Potable: Water that is satisfactory for drinking and 
domestic purposes. 

PPM (ppm): Abbreviation for parts per million. 
Precipitation: The total measurable amount of water 


received in the form of snow, rain, hail, and sleet. It is 
usually expressed in inches per day, month, or year. 


Pressure head: The pressure available at some point in 
the water system. 


Pressure regulator: A valve that reduces water pres- 
sure in the supply piping. 

Pressure-reducing valve: Valve that limits the pressure 
of the incoming fresh water supply. 


Pressure-relief valves: Devices that prevent develop- 
ment of excessive pressure in a water heater tank. 


Pressure/temperature (PIT) relief valves: Safety 
devices on hot water and steam piping systems. These 
valves open to permit hot water or steam to escape 
and cold water to enter the tank. 


Prints: Copies of original construction drawings. 


Private sewer: See Sewer, private. 


Propane: Hydrocarbon derived from crude petroleum 
and natural gas. Used as a fuel for plumber’s furnaces 
or torches. 


PSI (psi): Abbreviation for pounds per square inch. 
PSIG (psig): Abbreviation for pounds per square inch, 
gauge. 

P-trap: A type of trap that has the same size socket 


at both ends and is specified by the diameter of the 
sockets. 


Public bathhouses: Facilities built in the late 19th cen- 
tury in many major cities to provide an inexpensive 
means for poor people to bathe. 
Public sewer: See Sewer, public. 


Pumps: Component of a tub or pool that is used to cir- 
culate water through filters and the heater. 


Punch list: A list made by the home builder or owner 
near the end of construction, indicating what must be 
done before the house is completely finished and 
ready for occupancy. 

Putty: A soft, prepared mixture used to seal sink rims, 
water closet bases, and other places where a sealant is 
needed. 

Pythagorean theorem: Formula that states that the 
square of the hypotenuse (side opposite the 90° angle) 
of a right-angle triangle is equal to the sum of the 
squares of the other two sides. 


Q 


QT (qt): Abbreviation for quart. 


Quarter bend: A drainage pipe fitting that makes a 90° 
angle. 


R 


Radiant heating: A method of heating that depends 
primarily upon heat being transferred by radiation. 
An example is an electric heating system installed in 
the ceiling plaster. 


Radiator, hot water or steam: The room heating ele- 
ment connected to a hot water or steam boiler. 


Rafters: Sloping framing members making up part of 
the roof. Rafters are designed to support both the live 
and dead loads of the roof. 


Ratchet brace: A tool designed to rotate auger bits and 
other square-tanged drilling tools. 


RD: Abbreviation for roof drain. 
Reamer: A tool used in reaming. 


Reaming: Removing the burr from the inside of a pipe 
that has been cut with a pipe cutter. 


Reciprocating saw: Heavy-duty electric saw that can 
cut material thicker than 1%”. 


Recovery rate: Speed at which a water heater will heat 
cold water to the desired temperature. 


RED.: Abbreviation for reducer. 
Reducer: A coupling that joins pipes of different sizes. 


Refill tube: Copper or plastic tube from ball cock to 
overflow tube in a water closet assembly. 


Reinforcement wire: Heavy woven wire placed in con- 
crete to give added strength. 


Reinforcing rod (rerod): Embossed steel rods placed in 
concrete slabs, beams, or columns to increase their 
strength. 


Relative humidity: The amount of moisture, or water 
vapor, in the air compared to the amount the air could 
actually hold at a given pressure and temperature. 


Relief valve: A safety device that releases excess water 
pressure in case the system malfunctions. 


Relief vents: A method of venting that helps eliminate 
back pressure buildup. 


Remodeling: As applied to plumbing, the simple 
process of replacing fixtures, or a more involved 
process of modifying the plumbing system. 


Remote central air conditioning system: System in 
which the compressor and condenser are located out- 
side the house. The refrigerant is piped to the heat 
exchange coil in the furnace bonnet or air duct. 


Repair coupling: A fitting that does not have a stop 
halfway through, making it possible to replace a sec- 
tion of pipe that has been removed. 


Respirator: A mask that fits over the mouth and nose 
to prevent the inhalation of hazardous materials. 


Responsibility: A personal quality that is demonstrated 
by such actions as arriving to work on time and put- 
ting in the best effort to accomplish tasks. 


Ridge: The horizontal line formed by the intersection 
of two sloping roof surfaces. 

Rigid copper tubing: Hard copper pipe used when 
installing water lines, particularly where they can 
be seen. 


Rise: In construction, the vertical distance from the top 
of the double plate to the top of the ridge. 


Riser: A vertical water supply pipe extending from a 
horizontal water supply pipe to a fixture. 

Riser clamps: Supports of DWV vertical pipe that 
transfer the weight of the pipe to the structure’s floor 
frame. 


Rising stem: A type of valve stem that moves up and 
down as the valve is opened and closed. 
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Rolling scaffolds: Scaffolds made by adding casters to 
the legs of metal scaffolding. 


Roof drain: A drain installed in a flat or nearly flat roof 
to receive water and conduct it into a leader, down- 
spout, or conductor. 


Rope grab: Used to attach the lanyard to the lifeline, 
allowing movement along the lifeline at a controlled 
rate. 


Rotary drilling: Well drilling method that is more eco- 
nomical than percussion drilling when the water table 
is relatively far below the surface. 


Rotary hammer drill: An effective tool for drilling 
holes in concrete and masonry. 


Rotary hammer drill bits: Bits available in diameters 
of %” to more than 1%”; also available in different 
lengths. 


Rotary-type sprinkler head: Type of sprinkler head 
that requires relatively high water pressure and covers 
a large area. 


Rotating ball faucet: A single-handle faucet that con- 
trols water flow and temperature with a channeled 
rotating plastic ball. Holes in the ball are aligned with 
orifices for hot and cold water. 


Roto-Rooter™: Invented in 1933, this sewer-cleaning 
machine allowed drains to be cleared without digging 
them out of the ground. 


Rough-in: Earliest stage of plumbing installation. This 
stage is generally divided into two parts known as first 
rough and second rough. 


Rough-in dimensions: Dimensions that indicate where 
the DWV and water supply piping must be located in 
the wall or floor. 


Round-point shovels: Shovels that are intended for 
digging and can be used to pick up and throw material 
from one location to another. 


Run: One or more lengths of pipe that continue in a 
straight line. Also, in a roof, the horizontal distance 
from the centerline of the ridge to the outside of the 
wall framing. 


5 


S: Abbreviation for hydraulic slope (in inches per 
foot). 


S & W: Abbreviation for soil and waste. 


Saber saw: Saw that can cut both straight and curved 
lines in wood and other relatively soft materials, such 
as gypsum board. 
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Saddle fitting: A fitting used to install a branch from 
an existing run of pipe. First, a hole is made in the 
pipe. Then the saddle fitting is clamped to it so the 
opening is inside the fitting. 

Safety cutoff thermostat: A fail-safe device built into a 
water heater control that shuts off the gas supply if the 
water temperature exceeds a predetermined safe limit. 


Safety shoes: Protective footwear designed to protect 
your feet from falling objects and reduce the likeli- 
hood of a puncture wound as a result of stepping on 
sharp objects. 


Safety valve: A combination temperature and pres- 
sure relief valve generally installed in a hot water tank 
to prevent an explosion from overheating or excessive 
pressure inside the tank. 


SAN.: Abbreviation for sanitary. 


Sand filters: Sealed tanks into which carefully graded 
(sized) sand has been placed. 


Sanitary sewage: Water and waterborne waste con- 
taining human excrement and other liquid household 
wastes. 


Sanitary sewer systems: System that consists of a net- 
work of sewers that collect waste and transport it to 
sewage treatment facilities for processing. 


Sanitary tees: Fittings that have a curve at the inlet to 
facilitate flow and prevent blockage. 


Sanitary wye branch: A drainage fitting shaped like a 
UNG uw 


SBCC: Southern Building Code Congress. 


Scaffolding: Platforms erected temporarily to support 
workers and materials while work is being done. 


Scaffold planking: Boards that make up the solid 
“floor” of a scaffold. 


Scale drawing: A drawing of any object that has been 
carefully reduced to a fraction of actual size so all 
parts are in the correct proportion. 


Scale filter: Cartridge filter that removes calcium and 
magnesium. 


SCORE (Service Committee of Retired Executives): A 
volunteer organization that provides free or low-cost 
advice to individuals seeking to create new businesses. 


Scum gutters: Used in large pools to clean out debris. 


Scuttle: A small opening in a ceiling providing access 
to an attic or roof. 


Seal of a trap: The depth of water held in a trap under 
normal operating conditions. 


Seat: A metal surface against which a washer is com- 
pressed to shut off the flow of water in a compression 
faucet. 


SEC. (sec.): Abbreviation for second. 


Secondary branch: Any branch off the primary branch 
of a building drain. 


Second-rough stage: The installation of all plumbing 
that will be enclosed in the walls or that must be 
installed before the walls are finished. 


Sediment filter: A cartridge filter that removes parti- 
cles from the water. Also called a clarifier filter. 


Self-esteem: A confident attitude that is a necessary 
personal quality for success in the workplace. 


Self-management: Setting personal goals, monitoring 
progress toward the established goals, and altering 
performance as needed to ensure success. 


Self-siphonage: An unsafe condition in which water is 
drained from a trap, causing the seal to be broken. The 
water normally in the trap is drawn out of the trap by 
a partial vacuum in the stack. This condition is correct- 
ed by installing a proper vent. 


Self-tapping screw: An anchor that does not require an 
insert and threads directly into concrete, brick, or con- 
crete block, useful for light-duty applications. 


Separator: See Interceptor. 


Septic tank: A large container, usually made of con- 
crete, where bacterial action to treat the waste takes 
place. 


Service box: See Curb box. 


Service ell: A 45° or 90° elbow with external threads on 
one end and internal threads on the other. Also called 
a street ell. 


Service pipe: The water supply pipe from the main in 
the street or other source of supply to the building 
served. 


Service sinks: Sinks installed where floor cleaning 
equipment is serviced. Service sinks are typically 
made from stainless steel or cast iron. 


Service tee: A tee fitting with external threads on one 
end and internal threads on the other end and on the 
branch. 


Setpoint: A preset temperature. 


Sewage: All water and waterborne waste discharged 
through a fixture. 


Sewer: A piping system designed to convey sewage. 


Sewer, building (house sewer): Horizontal sewage pip- 
ing that extends from a building to the sewer main. 


Sewer, building storm: The piping from a building’s 
storm drain to the public storm sewer. 


Sewer, private: A sewer owned and maintained pri- 
vately. It may convey sewage from building(s) to a 
public sewer or to a privately owned sewage-disposal 
system. 


Sewer, public: A sewer that is publicly owned. 


Sewer, storm: A sewer used to carry rainwater, surface 
water, or similar water wastes that do not include san- 
itary sewage. 

Shotcrete: A sand-cement mixture applied by spraying 
it over steel reinforcing material. 


Shoulder nipple: Pipes that have a short portion of 
unthreaded pipe. 


Shoulder-to-shoulder: Method of measuring pipe in 
which dimensions provide a direct reading of the 
actual length of pipe required. 


Shower valves: Valves that do not have an outlet for 
the tub spout, causing the water to flow only through 
the showerhead. 


Shutoff valve: A valve installed in a water line where 
a cutoff is required. 


Side outlet: An opening at the side of a fitting. A tee or 
wye fitting having one side opening. 

Side vent: A vent connected to a drain at an angle of 
45° or less. 


Sill cock: A faucet used on the outside of a building to 
which the garden hose can be attached. 


Single lever faucet: Any of several types of washerless 
faucets using a single control and springs, balls, or car- 
tridges to control flow and temperature. 

Single-pipe, forced-air circulation system: The sim- 
plest form of a hydronic heating system. In this type of 
system, water is heated and pumped through piping 
to the radiators, where heat is given off. 


Single (straight) ladder: A ladder with one straight 
section. 

Sink: A fixture designed for use during food prepara- 
tion and dishwashing. 

Siphonage: A partial vacuum created by the flow of 
liquids in pipes. 

Sisal rope: A rope about 60% as strong as No. 1 
Manila rope. 

Size of pipe: Approximately equal to the inside diam- 
eter of the pipe. The nominal dimension by which the 
pipe is designated. 

Skimmers: Installed in hot tubs, spas, and pools. 
Consists of a removable basket that must be cleaned 
regularly to remove floating debris. 


Slab: A large, flat, concrete section such as a basement 
floor, driveway, or patio. 
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Slip coupling: A pipe coupling that has no stop to pre- 
vent it from slipping over a pipe. Used to make water- 
tight joints in plastic and copper pipe during a repair 
or alteration of the original piping. 

Slip nut: A nut used on P traps and similar connec- 
tions. A gasket is compressed around the joint by the 
slip nut to form a watertight seal. 


Slip-joint pliers: Tools that are useful for holding cop- 
per fittings while soldering, as well as assembly and 
disassembly operations. 


Slip-on flange: A flange that slips onto the end of a 
pipe without threads and is welded or soldered in 
place. 


Slop sink: A deeper fixture than an ordinary sink. 
Frequently installed in custodians’ rooms. 


Sludge: Solid waste on the bottom zone of a septic 
tank. 


Small Business Administration: The agency of U.S. 
Government responsible for promoting the develop- 
ment of businesses. 


Snake: Flexible steel cable used to clear DWV piping. 
It is moved backward and forward and rotated until 
the blockage is cleared. 


Soapstone: A relatively soft natural stone that is cut 
into thin, flat pieces and used to mark cast, galva- 
nized, and black iron pipe. 


Sociability: The ability to get along with diverse 
groups of people. 

Socket: An enlarged fitting end with an inside diame- 
ter equal to the outside diameter of the same nominal 
size pipe. 

Soil pipe: The cast iron pipe and fittings used in DWV 
systems. 


Soil pipe adapters: Adapters used to connect plastic 
pipe to cast iron soil pipe. 

Soil pipe cutter: A cutting tool designed to cut cast 
iron pipe. The cutting action is achieved by clamping 
a chain, which includes a series of cutters, around the 
pipe. 

Soil stack: A general term for the vertical main of a 
DWV system. 


Soldering: The process of forming joints between two 
metallic surfaces by using heat and a nonferrous filler 
metal. 

Soldering iron: A tool composed of copper that is heat- 
ed in a furnace and used to melt solder when joining 
pieces of metal. 


Solder joint: The means of joining copper pipe to slip- 
on fittings using solder. 
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Spade bits: Wood-cutting drill bits available in 4”-1%” 
diameters. 


Span: The horizontal distance between vertical sup- 
ports of a beam, joist, or arch. 


Spas: Luxury items made from a variety of materials, 
such as fiberglass, stainless steel, concrete, and 
shotcrete. 


SPEC.: Abbreviation for specification. 


Specifications: Instructions indicating the type of 
material and quality of the work to be performed. 
Spigot: The plain end of a cast iron pipe. The spigot is 
inserted into the bell end of the next pipe to make a 
watertight joint. 


Spirit or bubble level: In 1661, this device consisted of 
a short length of curved glass tube that was sealed at 
both ends and contained alcohol and an air bubble. 


Splash guard: A specially formed block placed under 
the outlet of a downspout to prevent erosion of the 
soil. 


Spline: Projections on a shaft that are mated to a han- 
dle or wheel so both will rotate as one. 


Spout: End of a faucet that serves as a passageway for 
water. 


Spray-type sprinkler head: The most common sprin- 
kler head for residential lawn watering. The spray- 
type sprinkler head is installed flush with the surface 
of the ground. When the water is turned on, the spray 
nozzle rises above the grass. 


Sprinkler system: Type of irrigation system that con- 
sists of an underground network of piping and sprin- 
kler heads. 


Spud: See Closet spud. 


Spud bar: A tool that is used to break apart densely 
packed material and can also be used to break thin 
layers of rock. 


SQ. (sq.): Abbreviation for square. 
SQ. FT. (sq. ft.): Abbreviation for square foot or feet. 


SQ. IN. (sq. in.): Abbreviation for square inch or 
inches. 


Square-point shovels: Shovels used to move loose 
material and to trim or level the bottom of a trench. 


SS: Abbreviation for service sink. 


Stack: A general term used for any vertical run of the 
DWV system. 


Stack vent: The vertical extension through the roof, 
including all the DWV piping above the highest hori- 
zontal drain connected to the stack. 


Stadia rod: A long graduated stick used with the 
builder’s level to find elevations. 


Stainless steel: Material that is durable and has a good 
surface finish that does not chip. Primarily used to 
make simple fixtures (such as kitchen sinks). 


Standard dimension ratio: Method by which pressure- 
rated pipe is produced. This ratio relates tube outside 
diameter to wall thickness. 


Standing pilot: A pilot flame that burns constantly. 


Star drill: A tool made from steel, which has a star- 
shaped chisel on one end, and a face that is hit with a 
hammer on the other end. This tool is used to make 
holes in concrete and masonry. 


State plumbing contractor's certificate: Certificate 
obtained by meeting requirements similar to those 
identified for the local plumbing contractor’s license. 


STD. (std.):; Abbreviation for standard. 


Steam generators: Units that heat water and dispense 
controlled amounts of steam into the bath or shower 
stall. 


Steam heating: Heating system in which steam from a 
boiler is piped to radiators in the rooms. 


Stem: Shaft of a faucet that holds the washer and to 
which the handle is attached. 


Stepladder: A self-supporting, nonadjustable ladder 
that can range from 4’—16’ in length. 


Stepstool: Ladder that is easy to move and very useful 
when installing pipe and fittings overhead in a room 
with 8’ or lower ceilings. 


Stillson wrench: See Pipe wrench. 


Stock or die stock: A tool used to turn a die when cut- 
ting threads. 


Stop and waste valve: A valve used to stop the flow of 
water in a pipe and permit the water downstream 
from the valve to be drained from the piping. 


Stopcock: A small ground key valve. 


Stopper: A plug that controls wastewater drainage 
from a lavatory or bathtub. Usually controlled remotely 
by a handle on the fixture. Sometimes called a pop-up 
plug. 

Storage loss: The loss of a considerable amount of heat 
through the tank walls, regardless of whether hot 
water is being used or not. 


Storm drainage: Piping system that collects only water 
that occurs naturally on the property. 


Storm sewer: A sewer used for carrying away water 
collected by storm drains. Generally conveys the 
water to a stream or lake. 


Storm water: The excess rainfall that runs off during 
or after a rain. 


Story: The part of a building between any floor and 
the floor or roof immediately above. 


Strainer locknut wrench: Tool used to tighten the lock- 
nut on the underside of the strainer body. 


Strainer wrench: Tool used to prevent the strainer 
body from rotating. 


Strap wrench: A tool used to assemble chrome-plated 
or other finished pipe without scratching the finish. 


Street closet ell: A fitting with a socket on one end that 
connects a 4” closet flange to a 3” waste pipe. 


Street ells: Fittings designed to fit inside the socket of 
another fitting. 


Street tee: A tee with one internal and one external 
threaded opening, plus an outlet opening with inter- 
nal threads. 


Street wye: Type of wye in which the outlet is a plain 
end rather than a socket. 


Strop: The final step in the process of sharpening 
an edge tool. The honed edge is polished by being 
rubbed over a leather strap that is coated with polish- 
ing compound. 


Stub-out: A short length of pipe that extends through 
drywall (sheetrock) or other wall material to permit a 
faucet to be connected. 


Stud: One of a series of vertical wood or metal struc- 
tural members in walls and partitions. 


Stud-type anchors: Anchors installed in concrete that 
are advantageous if it is necessary to remove the object 
that is anchored, because it is easier to remove and 
reinstall the nut rather than machine screws or 
machine bolts. 


Styrene rubber (SR): Type of pipe and fittings used in 
septic tanks, drain fields, storm drains, sewers, and 
other noncritical installations. 


Subfloor: Rough floor consisting of boards or plywood 
panels applied directly over the floor joists. 


Subsoil drain: A drain that receives only subsurface 
water and conveys it to a storm drain. 


Sump: A basin into which groundwater is channeled. 


Sump pump: Rotary-type pump that lifts water from 
the sump into the drain pipe. 


Superintendents: Employees who oversee large 
plumbing jobs and generally have several supervisors 
working under their direction. 

Supervisors: People responsible for directing the work 
of a smaller group of workers. 

Survey: A description of a piece of property, including 
the measurements and marking of land. 


SV: Abbreviation for service. 
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Swage: To increase or decrease the diameter of a pipe 
by using a special tool that is forced into or around the 
pipe. 

Sweat soldering: See Soldering. 


Swivel drum trap: Trap that has a cleanout and 
swivels at the center of the barrel to provide flexibility 
for connecting the inlet and outlet piping. 


T 


Tamp: To firmly compact earth during backfilling. 


Tap: A tool rotated by hand or machine to produce 
internal threads. 


Tapered reamer: Tool for deburring and cleaning the 
inside ends of pipes. 


Tapped tee: A cast iron tee with at least one branch 
tapped to receive a threaded pipe or fitting. 


Teamwork: Being able to coordinate work with 
others cooperatively to reduce tensions and increase 
productivity. 


Tees: Fittings that create 90° branches in the piping or 
provide access to the inside of pipe through a 
cleanout. 


Telescope: Part of the builder’s level that must be 
aligned over two opposing leveling screws. 


Telescope focus knob: Part of the telescope used to 
adjust the focus of the telescope to suit the operator’s 
eyesight. 

Telescope level: A bubble level that can be a tube or cir- 
cular vial. 


Temperature/pressure (TIP) relief valve: Safety device 
on hot water and steam piping systems. This valve 
opens to permit hot water or steam to escape and cold 
water to enter the tank. 


Terra cotta: Fired clay used in piping in about 1700 BC. 
Test plugs: Used to seal openings in a piping system in 
preparation for air and water tests. 


Test tees: Fittings that provide openings into the DWV 
piping system. Also called cleanouts. 


Thermal expansion: The result of fluctuating tempera- 
tures; causes water supply piping materials to change 
dimensions. 


Thermostat: An automatic device that will turn an 
energy source on and off as needed. 


Three-way ground key valves: Valves that control the 
flow of liquid or gas at points where three pipes connect. 


Toeboards: Rails placed on all sides of platforms to 
prevent objects from rolling off and hitting people 
below. 
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Toggle bolts: Used when attaching pipe hangers to 
hollow masonry units; open on the inside of the cavity, 
making it possible to tighten the screw. 


Toilet: A water flush plumbing fixture designed to 
carry away solid organic wastes. Also called water closet. 


Torpedo level: Leveling tool that is approximately nine 
inches long. 


Transit: A tool that measures vertical angles in addi- 
tion to elevations and horizontal angles. 


Transition unions: A fitting that connects to different 
types of pipe and can be disassembled and reassem- 
bled by loosening or tightening the hex nut that holds 
the two parts of the fitting together. 


Trap adapter: Adapter that has a 1%” or 1%” slip joint 
connection at the inlet and an outlet that will be either 
a plain end to fit into a fitting socket or a socket that 
will connect to 14”, 14”, or 2” DWV pipe. 


Traps: A fitting that creates a water seal to prevent 
gases from entering the building from the sewer. 


Trench shovel: A tool used to level the bottom of a nar- 
row trench. 


Trigonometric functions: Mathematical functions, 
such as sine and tangent, that give the ratio between 
parts of a triangle. 


Trunk line: The main piping from which building 
drains or water supply piping branch. 


Tubing: Any thin-walled pipe that can be bent easily. 
Tubing cutter: A tool used to cut tubing. 


Tub/shower valve: Valve fitted with a round plastic 
guide that is installed flush with the finished wall dur- 
ing the second-rough stage. 


Tub/shower valve: Valve that has a spout to fill the tub. 


Turnover rate: The frequency with which the total vol- 
ume of water in a tub or pool is circulated through the 
filter. 


Two-way cleanout tees: Fittings installed in locations 
where it could be advantageous to insert a snake or 
other cleanout tool going in either direction from the 
cleanout. 


Typhoid: A disease in the late 1800s caused by contam- 
inated plumbing. 

TYs: A fitting consisting of a long radius bend from the 
horizontal branch connection to the vertical pipe, 
which reduces the likelihood of clogging and makes it 
easier to use drain-cleaning equipment should a 
blockage occur. 


U 


Unions: A fitting that is used to assemble or disassem- 
ble the last length of threaded pipe. 


Unit vents: One vent pipe that serves two or more 
traps. 


Urinals: Plumbing fixtures that are fitted with flush 
valves; commonly installed in public restrooms for 
men. 


V 


Vacuum: Air pressure below atmospheric pressure. 


Vacuum breaker: A device installed between the outlet 
of the flush valve and the fixture to prevent back 
siphoning of polluted water into the water supply 
piping. 

Valve: A device that controls the flow of liquid within 
or from a pipe. 


Valve body: The main part of a valve into which the 
stem and other parts are installed. 


Valveless water waste preventer: A device that 
improved the flushing action of water closets and 
reduced consumption of water by automatically shut- 
ting off the water when the tank was full. 


Vapor barrier: A material that prevents moisture from 
penetrating a wall, ceiling, or floor. Roofing felt and 
polyethylene plastic sheets are commonly used for 
this purpose. 


Vent: The part of the drain, waste, and vent piping that 
permits air to circulate and protects the seals in traps 
from siphonage and back pressure. 


Vent, circuit: Vent installed where two similar fixtures 
discharge into a horizontal waste branch. 


Vent, common: A vent that serves two or more fixture 
traps. 


Ventilation: The process of changing air within an 
enclosed space by supplying and distributing fresh air 
and exhausting used air. 


Venting: Part of drain/waste systems that makes it 
possible to have indoor plumbing facilities without 
odor problems. 


Venting, individual: Venting of each trap. 


Vent, looped: Vent that drops below the flood rim of a 
fixture before being connected to the main vent. 


Vent, relief: Vent installed at the point where the waste 
piping changes direction. 


Vent stack: The vertical portion of the vent piping that 
extends through the roof of the building. 


Vent tees: Fittings installed in the vent portion of a 
DWV piping system that would cause blockage of the 
piping system if they were installed in the drain or 
waste portions of the system. 


Venturi: Narrowed section of hydrojets that draw air 
into water. 


Vent, wet: A pipe that serves as both a vent and a 
drain. 


Vial: The part of a level that contains liquid. Used to 
indicate when an object is vertical or horizontal. 


Video inspection equipment: Used to look inside a 
pipe to determine the nature and location of the 
problem. 


Vitreous enamel: Material that is bonded to steel or 
cast iron fixtures by fusion at a temperature above 
800°F (427°C). 

Vitrified clay pipe: Pipe made of clay and fired; gener- 
ally used for sewers. 


Volute: A pump passage that is shaped like a snail 
shell and wraps around the impeller. 


VTR: Abbreviation for vent through roof. 


W 


W: Abbreviation for waste. 


Walers: Braces installed in less-stable soils when lin- 
ing the excavation with sheathing or timber shoring. 


Warm air heating: Any heating system that depends 
on the circulation of warm air. 


Washer: Used in a compression faucet, it is com- 
pressed against a surface to stop the water flow. 


Washerless faucets: Type of faucet that uses rotating 
mechanical components to control water flow. 


Waste: Liquid discharged from a fixture. The liquid 
contains no fecal matter. 

Waste pipe: A pipe that conveys liquid waste that does 
not contain fecal matter. 

Water closet: A water flush plumbing fixture designed 
to receive human excrement and discharge it into the 
DWV piping. Also called a toilet. 

Water conditioner: A device used to remove dissolved 
minerals from water. 


Water fountains: Device used to supply sanitary 
drinking water without cooling it. 
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Water hammer: A banging sound in water supply 
pipes caused by the sudden stopping of water flow. 


Water hammer arrestors: Devices that absorb the energy 
of flowing water when a valve is closed quickly; 
required by code to be installed near quick-closing 
valves, such as washing machines and water closets. 


Water jetter: Tool used to clean the inside of a pipe 
when a considerable amount of grease, soap, or sludge 
is present. 


Water level: A tool consisting of a flexible hose filled 
with water. One end of the hose positioned at a known 
elevation. The known elevation can be transferred to 
any other point that can be reached by the hose. 


Water level: First documented in 1629, this device con- 
sisted of a length of hose fitted at each end with a glass 
tube. 


Water main: Large water supply pipe, generally located 
near the street, which serves a large number of 
buildings. 

Water meter: Mechanical device that measures the 
amount of water passing through the water service 
into a building. 


Water pressure: An important consideration in the 
design of sprinkler systems, because a higher amount 
is needed for proper sprinkler head operation. 


Water ram: Tool that uses air to apply high pressure, 
forcing an obstruction through a pipe. 


Water supply fixture units (wsfu): Units of the fixtures 
connected to the branch on which the size of the 
branch hot and cold water pipes serving the bathroom 
is dependent. 


Water supply system: Set of piping that supplies fresh 
water, under pressure, for drinking, cooking, bathing, 
and laundering clothing. 


Water supply tubes: Flexible PVC; braided stainless 
steel; or chrome-plated, soft copper tubing that con- 
nects the hot and cold water supply to the faucet. 


Water table: A relatively continuous underground 
surface below which the sand, sand and gravel, or 
joined rock is filled with water. 


Water test: Test that involves closing all outlets, filling 
the system with water from the main, and visually 
inspecting the system to locate leaks and other poten- 
tial problems. 


Wave-type sprinkler heads: Type of sprinkler head 
that is adjustable to water rectangles of various sizes. 


WC: Abbreviation for water closet. 
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Wetting action: Reducing the tendency of a solid to 
repel a liquid flowing over its surface. Also, the act of 
reducing surface tension of a liquid to make it flow 
more readily. 


Wet vent: The portion of the vent piping through 
which liquid waste from another fixture also flows. 


WH: Abbreviation for wall hydrant. 


Whirlpool bathtubs: Tubs that pump water and air 
through jets on the inside of the unit. 


Whiteprint: A drawing reproduced on white back- 
ground with colored lines. 


Winch crane: A portable crane that is convenient in 
large buildings where large pipes must be lifted to 
considerable heights. 


Wood chisel: A device for cutting wood. Available in 
sizes from %” to 2”. The handle is designed to be struck 
with a mallet or hammer. 


Working drawings: Drawings showing exactly how a 
building should be constructed. 


Wyes: Type of fitting that enables a branch to join a 
run of pipe at a 45° angle. 


X 


XH: Abbreviation for extra heavy. 
XXH: Abbreviation for double extra heavy. 


X 


Yarning iron: A tool used to pack oakum into bell and 
spigot pipe joints before they are leaded. 


Yellow keel: A wax-based marker that works well on 
galvanized or black iron pipe, cast iron pipe, copper, 
or plastic. 


£ 


Zone control valves: Valves used in drip irrigation 
systems to divide the area into zones so selected por- 
tions can be irrigated. 


Zoning laws: Laws regulating the type of structure 
that can be built in a given area. 
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A 

accident statistics, 17-18 

acrylonitrile butadiene styrene 
(ABS), 215,574 

activated carbon (charcoal) 
filter, 192 

ADA Accessibility Guidelines for 
Building and Facilities, 275 

ADA requirements 

plumbing fixtures, 280-281 
restrooms, 274-275, 277 

adapter, 225, 227 

adapter fittings, installing, 386 

adjustable wrench, 72 

aeration waste treatment, 
412-413 

aerobic bacteria, 412 

agency abbreviations, 141 

air chamber, 297 

air conditioning, 429 

air filtration, 436 

air locks, 108 

air testing, 381 

alignment tools, 55-59 

American hemp rope, 129 

Americans with Disabilities 
Act (ADA) of 1990, 
274-275, 577 

anaerobic breakdown, 406—407 

anchor points, 28-29 

anchors, 374-379 

angle meter valve, 303 


apprenticeship, 539, 550 
aqueducts, 567-568 
aquifer, 170 

area, computing, 94-95 
articulated ladder, 135 
asbestos, 39-40 
aviation snips, 65 


B 
Babylonians, 561, 567 
backhoe, 156 
back pressure, 286 
back saw, 62 
backwashing, 446 
back water valves, 253-254 
ballcock, 396 
checking, 485 
ball peen hammer, 74 
ball valve, 250 
basin wrench, 72 
bathing load, 444 
bathroom stack, installing, 
328-334 
bath/shower combination 
module, 203 
bathtub, 203-205 
ADA requirements, 281 
completing installation, 
391-394 
drain 
blocked, 472-473 
locating, 310 


locating piping, 311-312 
refinishing or replacing, 
507-508 
bench vise, 74 
bidet, 209 
installation, 398 
replacing, 505-506 
bitumen, 567 
black iron pipe 
assembling and 
supporting, 340 
cutting and threading, 
338-339 
installing, 338 
Black Plague, 562 
bloodborne pathogens, 48 
blowers, 448 
blueprints, 111 
brass fittings, 239-242 
brazing, 149-151 
procedure, 150-151 
bubble level, 575 
buffalo box, 302 
builder’s level, 56, 79-82 
reading elevations with, 82 
setting up, 80-81 
building codes, 137-144 
building drain, 283 
unclogging, 470-472 
bushing, 227 
business plan, 557-558 
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G 
cap, 224, 227 
capillary action, 286 
capillary attraction, 145 
careers, 535-560. See also 
employment 
advancing in the plumbing 
trades, 538-541 
education and training, 541 
employment areas, 535-536 
government agencies, 
537-538 
licensing and certification, 
541-542 
organizations, 538 
plumbing education, 538 
plumbing enterprises, 
536-537 
qualifications, 541 
specialization, 541 
carpenter’s hammer, 74 
cartridge faucet, 480 
cartridge filters, 192-193 
cast iron pipe 
cutting, 340 
installing, 340-343 
joining, 341-342 
supporting, 343 
cast iron pipe and fittings, 
232-234 
caulking anchor, 378 
center-to-center, 318 
central air-cooling unit, 434 
central heating, 431 
centrifugal pump 
deep well, 179-180 
shallow well, 176-177 
certification, 542 
chain-type pipe vise, 74 
chain wrench, 71 
chalk box, 58-59 
chalk line, 58 
chamber leach field, 412 
check valve, 251 
chlorinated polyvinyl chloride 
(CRVG), 215 
chlorination, 189-190 
cholera, 562—563 
circuit vent, 287 
clarifier filter, 192 
cleanout, 222, 322, 516 
cleanout adapter, 225 


closet auger, 467 
closet ell, 219 
closet flange, 224, 309, 395 
clothing, 18-19 
codes, 137-144 
administration of, 137-138 
content, 141-142 
enforcement, 138 
model, 138, 140-141 
cold chisel, 64-65 
cold water pipe, installing, 354 
compass, 59 
compass saw, 60 
compression faucet, 476 
leaking, 477-480 
compression fittings, 241-242 
compression valve, 248-249 
confined spaces, 46—48 
contaminated water, 169-170, 
188-191 
control stop, 251 
cooling systems, 434435 
copper pipe and fittings, 
228-232 
DWV, 336-338 
installing, 362-364 
supporting, 338, 364, 372 
thermal expansion and con- 
traction, 362-363 
corporation stop, 
installation, 302 
corporation valve, 247 
cotton rope, 129 
countertops, preparing 
openings, 384-385 
coupling, 218-219, 226 
CPVC plastic pipe and fittings 
cutting, 362 
installing, 359-362 
joining, 362 
measuring, 361 
supporting, 362 
thermal expansion and 
contraction, 359-361 
cross connections, 293-295 
cross-linked (PEX), 215-216 
cross ventilation, 436 
curb box, 302-303 
curb stop, 248, 302 
cut-and-cover technique, 
157-158 
cutting openings, 315 


cutting plane line, 116 
cutting tools, 59-66 


D 
Dark Ages, 562 
deep-well pump, 178-181 
detail drawings, 112 
developed length, 509, 515 
diamond core drilling 
equipment, 68 
diatomaceous earth (DE) filter, 
446-447 
dielectric unions, 232, 238 
dies, 69 
dimensions, 116, 118 
metric, 121-122 
dip tube, 351 
disc faucet, 481-482 
disinfecting water, 189-190 
distribution box, 409 
divider, 59 
dosing, 415 
double ell, 220 
double fixture tee, 222 
double-insulated tools, 31 
double long-radius TY, 223 
double-pipe, forced-air circula- 
tion system, 434 
double sanitary tee, 221 
double sanitary tee with one 
90° side inlet, 221-222 
double sanitary tee with two 
90° side inlets, 222 
double wye, 222 
drainage fittings, installing, 
389-391 
drainage fixture units 
(dfu), 515 
drainage system, 213-214 
drain-cleaning machine, 468 
drain, overflow, and stopper 
assembly, 392 
drain spade, 159 
drill 
portable electric, 66—67 
rotary hammer, 68 
drill bits, 67 
drilled well, 172 
drilling and boring tools, 
66-69 
drinking fountain, ADA 
requirements, 281 


drip irrigation system, 453-454 
installation, 461—462 
driven well, 172 
drop ear ell, 359 
dry volume measurements, 98 
dual leach field, 411-412 
dug well, 172 
DWV, 213 
DWV copper pipe and fittings 
cutting pipe and tubing, 
336-337 
installing, 336-338 
joining pipe, 337 
supporting pipe, 338 
DWV fittings 
plastic, 218-225 
selecting, 289 
DWV pipe and fitting 
installation 
bathroom stack, 328-334 
horizontal drain/waste 
piping, 327-328 
installation, 317-344 
kitchen/laundry stack, 
313-322, 324-327 
measuring pipe, 317-319 
overview, 319-334 
DWV piping 
computing sizes, 283-284 
designing, 281-289 
drainage studies, 282 
maintaining atmospheric 
pressure in waste 
piping, 285-287 
planning, 306-308 
size of pipe, 281-282 
sizing vent piping, 288-289 
venting, 284-285 
methods, 287—288 
DWYV plastic pipe and fittings 
cutting pipe, 334-335 
installing, 334-336 
joining pipe, 335-336 
supporting pipe, 336 
DWV stacks 
pneumatics of, 108 
sizing, 307—308 
DWV system 
inspecting the inside, 
468-470 
overview, 306-307 
repairing, 465-474 


water closet drainage, 
466-472 
testing, 380-381 
troubleshooting, 466-473 
dysentery, 563 


E 
eccentric faucet, 482 
elbow, 219-220, 226. See also ell 
electrical 
plan, 112 
safety, 30-31 
electronic level, 56 
elevation drawings, 112 
ell, 219-220 
90° ell with high heel 
inlet, 220 
90° ell with low heel 
inlet, 220 
90° ell with side inlet, 220 
90° long turn ell, 219 
90° long turn street ell, 219 
90° street vent ell, 219-220 
90° vent ell, 219-220 
employment, 543-558. See also 
careers 
accepting a job offer, 553 
basic skills, 543-544 
changing jobs, 554-555 
characteristics of desirable 
employees, 543 
evaluation, 555 
five competencies for, 
547-550 
getting the first plumbing 
job, 550 
job search, 550-552 
keeping a job, 555 
maintaining an employment 
record, 553-554 
personal qualities, 545-547 
self-improvement on the job, 
5992596 
starting a small business, 
556-558 
thinking skills, 544-545 
employment agencies, 553 
Energy Guide Program, 260 
estimators, 540 
evaporation, 286 
excavating, 155-166 
digging trenches, 156-164 
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locating and protecting 
utilities, 155-156 

safety, 35 

expansion loop, 360-361, 363, 

365 

extension ladder, 134 
safety, 23-24 

eye protection, 18-19 


P 
face shield, 18-19 
face-to-face, 318 
fall329, 327 
calculating, 325, 331-332 
fall arrest, 28 
fall protection, 28-29 
and scaffolds, 29-30 
fall restraint, 28 
faucets 
bathtub, 204 
compression, 477-480 
connecting, 391 
leaking, 477-482 
mixing faucet leaks around 
spout, 484 
mounting, 385-386 
problems, 475—484 
replacing, 504-505 
slow water tlow from spout, 
483-484 
types of, 202 
washerless, 480-482 
file, 62-63 
filter, 446-447 
filter lenses, 19 
finish stage, 299, 383, 528 
fire extinguisher, 33-35 
fire safety, 33-35 
first rough, 299-301, 525 
fitting plug, 224 
fittings 
brass, 239-242 
copper DWV, 229-230 
copper pressure (water 
supply), 230-232 
leaks at, 490-492 
malleable iron, 235-237 
plastic DWV, 218-225 
plastic pressure (water 
supply), 226-228 
soil pipe, 234 
standards, 217 
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fixed spray head, 456 
fixture drains, locating, 
308-310 
fixture tee, 222 
flammable atmosphere, 47 
flare fittings, 240, 400 
flashing, 326-327 
flash point, 38 
float ball, 485 
float controlled valve, 251-252 
floor framing modifications, 
312-313 
floor plan, 112, 114-115 
flue, 259 
flush bushing, 224 
flush closet flange, 224 
flush valve, 250-251 
checking, 485, 487-488 
installing, 489-490 
servicing, 488-489 
flux, 146 
forced-circulation hydronic 
system, 439 
foundation drain, 421-422 
foundation plan, 112, 115 
French drain, 426 
friction, 455 
friction loss, 105-106 
frozen water pipes, 494-495 
full-body harness, 28 
full-face respirator, 43 


G 
galvanic corrosion, 492 
galvanized iron pipe 
assembling and 
supporting, 340 
cutting and threading, 
338-339 
installing, 338 
galvanized steel pipe, 234-235 
garbage disposal, 389-391 
garderobe, 568 
gas-fired heating units, 
436—437 
gate valve, 249-250 
germ theory, 563 
globe valves, 248-249 
goggles, 18-19 
good housekeeping, 20-21 
gray iron, 200 


Greeks, 567 

grounded tools, 30 

ground fault circuit interrupter 
(GFCI), 31 

ground key valve, 246-248 

guardrails, 25, 30 


H 
hacksaw, 60 
half-mask, respirator, 42 
halyard, 23-24 
hammer, 74 
handheld shower, 393 
hand tool safety, 31-32 
hard temper, 229 
Hazard Communication 
Standard (HCS), 35 
hazardous materials, 35-39 
dangers of working around, 
39-40 
hearing protection devices, 
4446 
heat exposure, 46 
heating plan, 112 
heating units 
gas-fired, 436—437 
installation, 436—440 
oil-fired, 437-438 
heat pump, 268-269, 435 
helical pump, 180-181 
hoisting devices, 132 
hoisting, securing pipes 
for 133 
hoist standard, 132 
hole saw, 67 
horizontal waste pipe, 320 
hose bibbs, 115, 280 
hot tub. See swimming pools, 
hot tubs, and spas 
hot water pipe, installing, 
354-355 
house sewer, 303 
humidifier, 402 
humidity control, 435—436 
humus, 414 
HVAC system 
basic components, 429-438 
cooling systems, 434—435 
heat transfer, 430-431 
humidity control, 435-436 
installation, 436-441 


heating units, 436—440 
humidifiers and dehu- 
midifiers, 440-441 
refrigeration units, 440 
temperature control, 
430-431 

hydraulics, 103-107 

hydraulic test pump, 381 

hydrogen sulfide removal, 191 

hydrojet, 447 

hydronic heating systems, 431, 
433-434 

hydropneumatic tank, 183 


| 

icemaker, 400 

impeller, 176 

indirect siphonage, 285-286 

individual venting, 287 

instantaneous water heater, 
265-268 

insulation, 269-270 

integrity, 547 

internal pipe cutter, 66 

International Residential Code 
for One- and Two-Family 
Dwellings, 140-141, 577 

Internet, 553 

interpersonal skills, 548 

inverted flare fittings, 240 

iron removal, 190-191 

irrigation systems, 453—463 

drip irrigation system, 
453—454, 461—462 
sprinkler system, 453—461 
isometric sketch, 122-125 


] 
jab saw, 61—62 
jackhammer, 163-164 
jet pump 
deep well, 180-182 
shallow well, 177-178 
job organization, 523-534 
arranging for deliveries and 
inspections, 533 
checking quality of 
work, 533 
identifying special tool and 
equipment require- 
ments, 530 


preparing a list of materials 
and supplies, 528-529 
safety, 532-533 
teamwork, 530-532 
understanding and sequenc- 
ing the job, 523-528 
job site, organization and 
cleanliness, 20-21 
joint runner, 342, 575 
journeymen plumbers, 540 
jute rope, 129 


K 

kitchen, 277-278 

kitchen group, 347-348 

kitchen sink, locating drain, 
324-325 

knockout test plug, 224 

knots, 130-131 


E 
ladders, 133-135 
safety, 21-24 
setting up and using, 
22-24 
lag shield, 376, 378 
lagoon system, 41 
lanyard, 28 
laser level, 56, 83-84 
laundry group, 347-348 
lavatory, 200-201 
ADA requirements, 280 
adding to an existing bath- 
room, 515 
drain 
blocked, 472—473 
locating, 310 
installation, 384-391 
adapter fittings, 386 
ledge-type, 386-387 
mounting faucets, 
385-386 
pedestal-type, 388 
placing into position, 
388-389 
preparing openings in 
countertops, 384-385 
locating piping, 311 
replacing, 505-506 
laying length, 93, 318-319 
leach field, 406, 408—412 
innovations, 410-412 


lead, 39-40 
leaders, 427 
lead pipe, 242 
ledge-type sinks and lavato- 
ries, 386-387 
level, 55-56 
builder’s, 79-82 
laser, 83-84 
line, 57 
Spirit, 575 
surveyor’s, 79-82 
torpedo, 56 
leveling instruments, 79-85 
lever hoist, 132 
licensing, 542 
lifeline, 29 
lifting, 19 
lift platform, 27-28 
lift pump, 175-178 
line level, 57 
liquefied petroleum gas 
(LPG), 259 
liquid chlorine, 189-190 
liquid measurements, 98 
load factor, 282-283 
local code, 347 
locking pliers, 73 
long-radius TY, 223 
looped vent, 288 
lugs, 388-389 


M 

malleable iron fittings, 
235-237 

mandrel, 68 

manganese contamination, 191 

Manila rope, 129 

marking tools, 55 

masonry bit, 380 

master plumbers, 540 

material and supply list, 
528-529 

material safety data sheets 
(MSDS), 36-39 

mathematics for plumbers, 
87-101 

computing 
area and volume, 94-95 
pipe offsets, 91-94 
measurement, 87—90 

metric, 96—98 

mattock, 162 
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measurement 
adding and subtracting 
lengths, 89-90 
metric, 96-98 
reading fractions of an 
inch, 87 
measuring and layout tools, 
52-54 
meter stop, 248 
meter yoke, 302-303 
connecting to, 349-351 
metric dimensions and scales, 
121-122 
metric measurement, 96-98 
Metropolitan Health Law, 
563, 576 
microscope, 563 
miter box, 62 
model codes, 138, 140-141, 577 
momentum siphonage, 
285-286 
monkey wrench, 71 
multifunction filter, 192-193 
multispur bits, 67 
multizone hydronic 
system, 433 


N 
National Plumbing 

Standard, 577 
networking, 552 
nipples, 239 
no-hub soil pipe joint, 233-234 
nominal size, 217, 228 
nonferrous metal, 145 
nonpressure pipe and 

fittings, 214 


O 
oakum, 342 
Occupational Safety and 
Health Act (OSHA), 
556, 577 
offset closet flange, 224 
oil-fired heating units, 437-438 
organic waste-treatment 
system, 413-414 
organizations, 576-577 
outhouse, 568-569 
overflow tube, 485 
oxidation, 146 
oxygen-deficient atmosphere, 47 
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[P 
pasteurization, 195 
pathogens, 187 
pedestal-type lavatory, 388 
percolation, 408 
percussion method, 172 
permit, 112, 138 
personal qualities, 545-547 
PEX 
cutting and joining, 366-367 
fittings, 228 
installing pipe and fittings, 
305-367 
measuring, 365-366 
supporting, 367 
pH balance, 190 
pH scale, 190 
pick, 162 
pick/mattock, 162 
pilot light, reigniting, 496 
pipe cutter, 65-66 
pipe hangers and supports, 
372-380 
securing, 373-379 
pipe laser level, 84 
pipe offsets, computing, 91-94 
Pythagorean theorem, 91-92 
simple methods, 93-94 
trigonometric functions, 
92-93 
pipe straps, 372 
pipe threads, 235 
pipe vise, 73-74 
pipe wrench, 70, 575 
piping materials and fittings, 
213-244 
brass, 239-242 
cast iron, 232-234 
copper, 228-232 
galvanized steel, 234-235 
lead, 242 
plastic, 215-228 
piping systems, inspecting and 
testing, 380-381 
pitless adapter, 184 
plans and specifications, 
111-122 
plan view sketch, 122-123 
plastic anchor, 378 
plastic pipe and fittings, 
2622S 
DWV fittings, 218-225 


grades, 216 
pipe dimensions, 217-218 
pressure (water supply) 
fittings, 226-228 
standards, 216-217 
types of plastic, 215-216 
plastics, 200 
platform, 134-135 
pliers, 72-73 
plot plan, 112, 115 
plug, 224 
plumb bob, 57-58 
plumber’s augers, 67 
plumber’s rule, 94 
plumbing codes, 137-144 
content of, 141-142 
model, 138, 140-141 
plumbing contractors, 540 
plumbing fixtures, 199-211 
ADA requirements, 280-281 
adding in an existing bath- 
room, 9152516 
adding new, 514 
materials used in, 199-200 
relocating, 510-514 
selecting, 280-281 
standards, 203 
plumbing history, 561-579 
bathtubs, sinks, and lavato- 
ries, 5695570 
codes, laws, standards, and 
organizations, 576-577 
fixtures, faucets, and valves, 
607970 
pipe and fittings, 573-574 
plumbing and contempo- 
rary civilization, 
562-567 
showers, 570-571 
tools and equipment, 
9752576 
water closets, 571-572 
water heaters, 573 
plumbing plan, 112 
plumbing supply dealers, 
540-541 
plumbing system 
design, 273-298 
arranging bathroom 
fixtures, 276-277 
basic considerations, 
274-275 


DWV piping, 281-289 
kitchen, 277-278 
relationship of rooms, 
27 ome 76 
selecting specific fixtures, 
280-281 
utility room, 278 
water supply piping, 
290-297 
water supply to building 
exterior, 280 
preparing for installation, 
299-316 
cutting openings, 315 
DWV system overview, 
306-307 
first rough, 299-301 
installing building water 
service line, 301-303 
locating fixture drains, 
308-310 
locating water supply 
piping, 310-312 
modifications to the struc- 
ture, 312-3815 
planning the DWV 
piping, 306-308 
second rough, 304-305 
sewer line installation, 
303-304 
sizing the stack, 307-308 
wall cavity, 308 
plumbum, 568 
plunger, 466 
pneumatics, 108 
polyethylene (PE), 215 
polyvinyl chloride (PVC), 215, 
334, 574 
porcelain, 199 
portfolio, 554 
potable, 169, 188 
powered air-purifying 
respirator, 43-44 
pressure flush valve, checking 
and servicing, 488-489 
pressure head, 104-105 
pressure pipe and fittings, 214 
pressure regulator, 252-253 
pressure-relief valve, 251, 296 
pressure tank, 183-184 
pressure /temperature relief 
valve, 251 


pressure (water supply) fit- 
tings, plastic, 226-228 
prints, 111 
P-trap, 223, 321-322 
blockage, 473 
with a cleanout and 
plug, 223 
with a slip joint (SJ) 
connection, 223 
with a union joint, 223 
public bathhouses, 566 
punch, 462 
PVC plastic pipe 
cutting, 362 
joining, 362 
measuring, 361 
supporting, 362 
thermal expansion and 
contraction, 359-361 
PVC plastic pipe and fittings, 
installing, 359-362 
Pythagorean theorem, 91-92 


R 
radiator installation, 440 
reaming, 69 
reciprocating pump 
deep well, 178-179 
shallow well, 175-176 
reciprocating saw, 60 
recovery rate, 259 
reducer, 219 
reducing closet flange, 224 
references, 551 
relative humidity, 435 
relief vent, 287-288 
remodeling, 501-521 
completing a roughed-in 
bathroom, 509-510 
installing completely new 
plumbing facilities, 
DIGIE 
managing jobs, 502-504 
refinishing or replacing a 
tub or shower, 507—508 
replacing faucets and fix- 
tures, 504-507 
remote central air conditioning 
system, 435 
repair coupling, 218 
resources, 547-548 
respirator, 40—44 


disposable dust/mist, 41 
full-face, 43 
half-mask, 42 
inspection and care of, 44 
powered air-purifying, 
43—44 
replacement cartridge, 42 
supplied air, 44 
responsibility, 545-546 
resume; 05! 
reverse osmosis, 194 
rigging and hoisting, 129-136 
riser clamps, 373 
rolling scaffold, 25-26 
Romans, 561-562, 567—568, 573 
rope, 129-130 
rope grab, 29 
rotary drilling, 172 
rotary hammer drill, 68, 
379-380 
bits, 380 
rotary pump, 178 
rotary-type sprinkler head, 
456-457 
rotating ball faucet, disassem- 
bly and repair, 481 
Roto-Rooter™, 576 
rough-in, 299 
rough-in dimensions, 280 
round-point shovel, 159-160 


S 
saber saw, 60 
saddle valve, installing, 441 
safety, 17-50, 532-533 
accident statistics, 17-18 
bloodborne pathogens, 48 
clothing, 18-19 
electrical, 30-31 
excavating and trenching, 35 
fall protection, 28-29 
fire, 33-35 
good housekeeping, 20-21 
hand tool, 31-32 
hazardous materials, 35-39 
heat exposure, 46 
ladders, 21-24 
lifting, 19 
power tool, 32-33 
scaffolds, 24-28 
sound hazards, 44—46 
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working in confined spaces, 
46-48 
safety cutoff thermostat, 262 
safety glasses, 18-19 
safety shoes, 19 
sand filter, 446-447 
sanitary sewer system, 405 
sanitary street tee, 221 
sanitary tee, 220, 322, 324 
sanitary tee with 90° right- and 
left-side inlets, 221 
sanitary tee with 90° right-side 
inlet, 221 
saws, 60-62 
scaffolding, 24-28 
scaffold planking, 26-27 
scale drawing, 111 
scale filter, 192 
scaling a drawing, 119, 121 
SCORE (Service Committee of 
Retired Executives), 558 
screwdriver, 75 
scum gutters, 448 
seat, 476 
removing, 479 
second rough, 299, 304-305, 
525-526, 528 
sediment, 191 
sediment filter, 192 
self-employment, 556 
self-esteem, 546 
self-management, 546 
self-tapping screw, 378 
septic systems, 405-418 
basics, 406—410 
design considerations, 
408—409 
distribution box, 409 
dosing, 415 
equipment and pipe, 
409—410 
extending the life of, 
416—417 
leach field, 406, 408—412 
permit, 406 
using and maintaining, 
415—417 
septic tank, 406 
service sink, 210, 399 
sewer line, installation, 
303-304 
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sewer main, tapping, 303-304 
shallow well pump, 175-178 
shoring, 156-157 
short term exposure limit 
(STEL), 37-38, 40 
shotcrete, 443-444 
shoulder-to-shoulder, 318 
shovels, 159-160 
shower 
completing installation, 
391-394 
drain 
blocked, 472-473 
locating, 310 
locating piping, 311-312 
refinishing or replacing, 
507-508 
shower base, 329 
showerhead, 393 
shower stall, 205-206 
ADA requirements, 281 
shower valve, 391 
shutoff valve, 296 
single-pipe, forced-air circula- 
tion system, 431, 433 
single (straight) ladder, 134 
sink, 200-201 
ADA requirements, 280 
drain blockage in, 472-473 
installation, 384-391 
adapter fittings, 386 
ledge-type, 386-387 
mounting faucets, 
385-386 
placing into position, 
388-389 
preparing openings in 
countertops, 384-385 
replacing, 505-506 
siphonage, 285 
sisal rope, 129 
sketching piping installations, 
122-126 
skimmers, 448 
sledgehammer, 163, 508 
slope, computing, 96 
sloping land, 426 
sludge, 406 
Small Business Administration, 
558 
snake, 468 
soapstone, 55 


sociability, 546 
socket, 219 
soil pipe, 232-234 
soil pipe adapter, 225 
soil pipe cutter, 66 
solar collector panels, 
installing, 438 
solar heat, 431 
solar water heating, 268 
solder, 145-146 
soldering, 145-148 
solder joint fittings, 229 
sound hazards, 4446 
spa. See also swimming pools, 
hot tubs, and spas 
spade bits, 67 
specifications, preparing, 
113-116 
spirit level, 575 
sprinkler heads, 455-457 
spray-type, 455—456 
sprinkler system, 453-461 
design, 454455 
installation, 457-460 
spud bar, 160-161 
spud wrench, 71 
square-point shovel, 159-160 
squares, 53-54 
stack 
blockage, 470 
installing, 313-322, 324-327 
locating, 309-310 
size, 283 
sizing, 307-308 
stadia rod, 80 
stainless steel, 200 
standard dimension ratio, 216 
standards, 576-577 
Hazard Communication 
Standard (HCS), 35 
plastic pipe and fittings, 
216-217 
plumbing fixtures, 203 
swimming pools, hot tubs, 
and spas, 449 
toilet, 207 
standing pilot, 261 
standpipe, 321 
state plumbing contractor’s 
certificate, 543 
steam generator, 205 
installation, 402 


steel pipe, 234-235 
stepladder, 134 
stepstool, 134-135 
stop, 247 
stop and waste valve, 249 
stop valve, 246-248 
storage loss, 266-267 
storage-type water heater, 
257=265 
installing, 264-265 
selecting, 259-260 
storm drainage system, 
419-427 
designing, 420-426 
foundation drainage, 
421-423 
installing, 426—427 
roof drainage, 421 
special drainage problems, 
423-424 
storm sewers vs sanitary 
sewers, 419-420 
strainer locknut wrench, 389 
strainer wrench, 389 
strap wrench, 71, 393 
street closet ell, 219 
street ell, 219 
street wye, 222 
stub-out, 227, 325 
preparing, 394-395 
stud finder, 507 
stud-type anchors, 374-375 
styrene-rubber (SR), 216 
submersible pump, 179-180 
installation, 182 
sump, 421-423 
sump pumps, 421-423 
superchlorination, 190 
superintendents, 540 
supervisors, 540 
supplied air respirator, 44 
supporting pipe, 371-380 
black iron, 340 
cast iron, 343 
drilling holes in concrete 
and masonry, 
379-380 
DWV copper, 338 
DWV plastic, 336 
PEX, 367 
PVC and CPVC, 362 
surveyor’s level, 79-82 


sweat soldering, 145-148 
procedure, 147-148 
swimming pools, hot tubs, and 
spas, 443-452 
basic components, 444, 446 
blowers, 448 
design considerations, 444 
filters, 446—447 
heaters, 447-448 
installing, 449 
other components, 449 
pumps, 447 
skimmers and scum 
gutters, 448 
standards, 449 
swimming pool filter, 
446-447 
swivel drum trap, 224 
symbols, 118-120 
systems, 549 


al 
tankless water heater, 265-268 
tapes, 52-53 
teamwork, 530-532, 548 
technology, 549-550 
tee, 220-222, 226-227 
temperature conversion, 98 
temperature/pressure (T/P) 
relief valve, 263-264 
terra cotta, 573 
test plugs, 380 
test tee, 222 
testing piping systems, 380 
thawing water pipes, 494-495 
theoretical length, 325 
thermal expansion and 
contraction 
copper, 362-363 
PEX, 365 
plastic, 359-361 
thermostat, 261 
replacing, 497 
three-way ground key valve, 
247 
threshold limit value (TLV), 37 
time weighted average 
(TWA), 37, 40 
toeboards, 25, 30 
toggle bolt, 378 
toilet, 206-208 
standards, 207 


toilet bowl 
cracked or broken, 472 
installation, 395-396 
tools, 51-78 
alignment, 55-59 
assembling and holding, 
69-75 
cutting, 59—66 
drilling and boring, 66-69 
marking, 55 
measuring and layout, 52-54 
reaming and threading, 69 
torpedo level, 56 
toxic atmosphere, 47 
transit, 56 
transition union, 227 
trap, 223-224 
trap adapter, 225 
trench 
digging, 156-164 
installing pipe in, 165 
trench boxes, 157-158 
trench shovel, 159 
trenching, 82, 300 
safety, 35 
trigonometric functions, 
92-93 
try square, 54 
tub spout, installing, 393 
tub/shower valve, 358 
installation, 391-393 
turbidity, 191 
turnover rate, 444 
two-dimensional riser 
diagram, 122 
two-way cleanout tee, 222 
TY, 222-223 
typhoid, 563 


U 

ultraviolet light, 195 

unions, 238 

unit vent, 287 

urinal, 209 
ADA requirements, 281 
installation, 398 

utility room, 278 


V 

vacuum breaker, 251 

valveless water waste 
preventer, 572 
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valves, 245-254 
back water, 253—254 
ball, 250 
check, 251 
compression, 248-249 
float controlled, 251-252 
flush, 250-251 
gate, 249-250 
ground key, 246-248 
locating, 348-349 
problems, 475—484 
pressure relief, 251 
stop, 246-248 
vent ell, 219-220 
vent tee, 222 
ventilation, 436 
venting, 284-285, 287-288, 566 
vibration, 297 
video inspection equipment, 
469 
vise, 73-74 
vitreous enamel, 200 
vitrification, 199 
vitrified clay pipe, 239 
volume 
computing, 95 
converting measurements, 98 
volute, 176 


W 
walers, 157 
wall cavity, 308 
wall framing modifications, 
313-314 
washer, 476 
replacing, 478—479 
washerless faucet, 476—477 
leaking, 480—482 
waste treatment system 
aeration, 412—413 
closed, 414—415 
organic, 413-414 
water 
contaminants, 169-170, 
188-191 
disinfecting, 189-190 
hydrogen sulfide 
removal, 191 
iron removal, 190-191 
manganese 
contamination, 191 
pH balance, 190 
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water closet, 206 
ADA requirements, 281-282 
installation, 394-397 
bowl, 395-396 
checking for leaks, 397 
connecting the water 
supply, 397 
connecting to DWV 
piping, 395 
tank, 397 
locating piping, 310-311 
preparing the stub-out, 
394-395 
problems, 484—490 
leaking tank, 489-490 
water flows continuously, 
484489 
will not flush, 489 
removing, 467—468 
repairing, 466—472 
failure to drain, 466—472 
leak at base, 472 
replacing, 506-507 
water fountain, 210 
installation, 399 
water hammer, 107, 
296-297, 494 
water hammer arrestor, 
348-349 
water heater, 257-272 
controls and safety devices, 
261-264 
electric, 259 
energy sources, 258-259 
gas-fired, 258-259 
installing, 351-353 
instantaneous, 265—268 
problems, 495-497 
storage-type, 257-265 
installing, 264-265 
tankless, 265—268 
water jetter, 471-472 
water level, 57 
water main, connecting 
to, 185 


water meter, 254-255, 349 
water pressure, 103-104, 455 
water pump 
deep well, 178-181 
installation, 181-182 
shallow well, 175-178 
types, 173-180 
water ram, 466 
water softener, 193-194, 576 
water supply fixture units 
(wsfu), 516 
water supply piping 
designing, 290-297 
cross connections, 
293-295 
height of installation, 291 
length of pipe, 292 
number and type of 
fittings, 292 
pressure-relief valve, 296 
preventing freezing, 
292-293 
reducing water hammer 
and vibration, 
296-297 
selecting pipe sizes, 
290-291 
shutoff valve, 296 
frozen water pipes, 494—495 
installing, 345-369 
overview, 345-359 
to bathrooms, 356-359 
to kitchen and laundry 
room, 9592956 
locating, 310-312 
problems, 490-495 
leaks at fittings, 490-492 
leaks in the piping, 
492-493 
repairing freeze damage, 493 
restricted water flow, 
493-494 
sizing, 347-348 
testing, 381 


water supply system, 169-186, 
213-214 
connecting to, 185 
repairing, 475-499 
faucets and valves, 
475484 
water closet, 484-490 
water heater problems, 
495-497 
water supply tubes, 385 
water table, 170 
water test, 380-381 
water treatment, 187-197 
equipment, 191-194 
waterless waste disposal 
system, 413-414 
wave-type sprinkler head, 457 
welding, 152 
well 
bored, 172 
locating, 170-171 
sanitizing, 182 
types, 171-173 
well casing, 184 
wet vent, 288 
whirlpool bathtub, 205, 394 
winch crane, 132 
wind, 286-287 
wood chisel, 63-64 
wrenches, 70-72 
wye, 222 


x 
yellow keel, 55 


Z 

zeolite, 193-194 

zone control valves, 461 
zoning laws, 137 


Modern Plumbing 
Modern Plumbing provides essential information about the tools, materials, equipment, 

- and processes encountered in the plumbing field. The 2005 edition of this comprehensive 
textbook includes the latest information on installation and repair techniques, as well as 
recent developments in materials, fixtures, and appliances. 

. Apprentices, vocational students, and anyone interested in plumbing will find Modern 
Plumbing a valuable aid in learning how plumbing systems are designed, installed, and 
maintained. Experienced plumbers who want to review basic plumbing techniques or study 
the recent developments in the plumbing field will also find this book helpful. 


Features 


e Written in simple, nontechnical language, making it easy to understand complex topics. 
Contains hundreds of photographs, illustrations, and charts to reinforce the many technical 
details involved in the plumbing trade. 

e Full color is used throughout the text to improve the instructional value of the photographs 
and illustrations. 

e Includes new chapters on excavation, plumbing remodeling, and plumbing history. 


_ Other Building Trades Titles 
-~ from Goodheart-Willcox 


°- Modern Carpentry. Covers all aspects of light frame construction, from site preparation 
through exterior finishing. . 

° Modern Masonry. Presents construction details and procedures for all important aspects 
of the masonry trade. 

e Modern Residential Wiring. Contains the latest information on residential wiring practices 
with all content reflecting the National Electrical Code. 

e Modern Commercial Wiring. Covers all aspects of commercial i pe with all content 
based on the National Electrical Code. 

e House Wiring Simplified. Presents the fundamentals of house wiring in a clear, easy-to- 
follow manner. 

e Modern Refrigeration and Air Conditioning. {ilibhes both the fundamental principles 

and the service techniques needed to diagnose and remedy HVAC problems. __ 

¢ Modern Woodworking. Covers staan and new woodworking procedures, tools, and 
materials. 

° Modern Cabinetmaking. Covers SabihetitiMing and woodworking topics ranging from 
traditional materials and Ey to manufactured panel products and other innova- 
tive topics. 

e Modern Painting and Decorating. Covers all aspects of 

_ painting.and decorating, including coating selection, 
surface preparation, and application methods. 
_ © Print Reading for Construction. Presents a thorough 
discussion of print reading techniques, starting with the 
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- basics of lines and symbols, and progressing to specialized _ | | | | | i 
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